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1.0 INTRODUCTION

Under U.S. Environmental Protection Agency (EPA) Remedial Action Contract No. EP-S3-07-07,

EA Engineering, Science, and Technology, Inc. (EA) has prepared this Remedial Design (RD) Report for

Work Assignment 0011RDRD03L2 for the remedial design of the Elm Avenue Storm Drain Relocation

and Groundwater Collection Trench at the Atlantic Wood Industries (AWI) Superfund site in Portsmouth,

Virginia.

This RD report documents the basis of design performed for the Elm Avenue Storm Drain Relocation and

Groundwater Collection Trench and how the RD meets the requirements set forth in the Record of

Decision (ROD) (U.S. EPA 2007). This design includes the relocation of the Elm Avenue storm drain,

future cap drainage, and groundwater collection trench as part of the RD.

The storm drain design includes the relocation and extension of the existing storm drain system on the

south side of Elm Avenue, the outfall of which will be obstructed by the construction of the Offshore

Sheet Pile Wall (OSPW). The design also includes the evaluation for future installation of stormwater

quality facilities to manage the increase in impervious area from the ultimate development of the dredged

material containment facility. The stormwater quality facilities will be constructed as part of a future

remedial action (RA) effort.

For this phase of design, EA is also including a groundwater collection trench to provide hydraulic

control of groundwater on both the east side of the AWI property (east of Burton’s Point Road) and the

inboard side of the OSPW following its construction. EA is proposing to include the groundwater

collection component with the design and installation of the storm drain relocation to create cost and time

savings for EPA. This inclusion provides an increase in construction efficiency by combining two

systems required in the same vicinity into one construction contract. The groundwater collection trench

proposed under this phase of the design represents only the initial portion of the overall groundwater

management system for the site. The remainder of the groundwater management system will be

developed as part of a future RD effort and will provide additional hydraulic control and potential

treatment of groundwater.

This report describes the design intent, project background, analyses and details associated with the Elm

Avenue Storm Drain Relocation and Groundwater Collection Trench design.

1.1 PROJECT DESCRIPTION

The AWI site consists of approximately 48 acres of land on the industrialized waterfront area of

Portsmouth, Virginia. From 1926 to 1992, a wood treating facility operated at the site using both creosote

and pentachlorophenol (PCP). The facility operations included wood treatment, storage of wood, and

disposal of wastes, which lead to the contamination of the site. At one time, the Navy leased a portion of

the property from AWI and disposed of waste onsite, including used abrasive blast media and calcium

hydroxide sludge. As a result of historical site operations, sediments in the Elizabeth River contain visible

creosote. The groundwater and soil at the site are also heavily contaminated with creosote. Creosote

contamination previously migrated into a storm sewer and discharged to an inlet of the Elizabeth River at

the northeast corner of the site near the former Jordan Bridge (Virginia Route 337).
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Currently, AWI (now known as Atlantic Metrocast, Inc.) operates a pre-stressed concrete products

manufacturing facility on the site. Groundwater in this area is not used as a drinking water source.

EPA selected a remedy for the site in the December 2007 ROD which established performance standards

for each of the three operable units (OU1, OU2, and OU3) at the Site and specified remedies that

addressed soil, sediment, and groundwater contamination.

Due primarily to funding considerations, EPA elected to separate the remedial design into a phased

approach, roughly based on the ROD remedy components. Each phase will have a separate design

package to be prepared by EA. Two phases have been proposed: Phase 1 designs were completed in

2009-2010; portions of the Phase 2 design were completed in 2010-2011. The remaining remedy

components and design features to be completed for Phase 2 of the RD include the following:

 Elm Avenue Storm Drain Relocation

 West Side Containment Berm Completion

 Site Capping

 Stormwater Management/Drainage

 Erosion and Sediment Control

 Dredging and Dredged Material Handling

 Hydrogeologic Analysis

 Groundwater Management

 Operation and Maintenance Plans

Figure 1 illustrates the various remedy components for the AWI site. Please note that some of the

components are constructed, some are currently under construction, and some are currently in design.

This report focuses on the Elm Avenue Storm Drain Relocation and Groundwater Collection Trench. To

date, the major design development and review milestones for this RD have included:

 Groundwater Management Alternatives Analysis Submittal – January 2011

 Preliminary Design documents placed on EPA Environmental Science Connector for

stakeholder access and review – December 2011

 Pre-Final Design documents placed on EPA Environmental Science Connector for

stakeholder access and review – March 2012
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1.2 BACKGROUND

The project site is located in a low-lying area bordering the Southern Branch of the Elizabeth River.

Elevations range from sea level along the river to approximately 9.5 feet (ft) above mean sea level. The

majority of the site falls within the 100-year floodplain, with the exception of the western edge of the

property. Burton’s Point Road is slightly elevated above the surrounding area and acts as a divide for

surface water drainage, separating the AWI property into eastern and western drainage areas. Surface

water within the west side drainage area flows into a drainage ditch along the western property boundary;

stormwater then enters a storm drain system and is ultimately discharged to Paradise Creek (a tributary to

the Southern Branch of the Elizabeth River) located south of the site. Surface water east of Burton’s Point

Road generally flows toward the Elizabeth River with some flows intercepted and conveyed through the

existing storm drain along Elm Avenue. Surface water from the properties north of Elm Avenue is

intercepted by an existing 15-inch (in.) storm drain system located within Veneer Road with inlets along

the east and west sides of Veneer Road conveying flows south to the existing 24-in. storm drain along

Elm Avenue.

The overall remedy includes the construction of the OSPW and the recently completed East Side

Containment Berm (construction completed November 2011), which constitute portions of a containment

facility for the placement of contaminated sediment to be dredged from the Southern Branch of the

Elizabeth River. The construction of the containment facility will obstruct the discharge of the existing

Elm Avenue storm drain system and ultimately generate new land, which will produce increased

stormwater runoff. To accommodate the existing stormwater flows and future flows generated by the

newly created land, a preliminary analysis of the Elm Avenue Storm Drain extension was performed in

conjunction with the design of the OSPW. The design resulted in the inclusion of three (3) storm drain

penetrations in the OSPW that will serve as the discharge point for the proposed storm drain system

extension.

As a result of the construction of the OSPW barrier, groundwater will accumulate behind and migrate

around the sheet pile wall if uncontrolled. As part of the overall RD, it will be necessary to control,

convey, and treat (if necessary) the groundwater accumulated behind the wall. The 2007 ROD requires

hydraulic control of the expected mounding of groundwater behind the wall and includes specific control

methods for evaluation. The initial step to identify the hydraulic control options was the assessment of the

quantity of groundwater through modeling. The next step evaluated suggestions noted in the ROD, as

well as other viable options, to hydraulically control the quantity of groundwater identified in the

modeling. The goal of the ROD and EA’s preliminary groundwater management design was to consider

and incorporate hydraulic control and passive groundwater treatment (if practicable) to the greatest extent

possible. The results of the analysis are described in the Draft Groundwater Management Alternatives

Analysis1. This alternatives analysis presents feasible methods for controlling the groundwater at the AWI

site.

1 Atlantic Wood Industries (AWI) Superfund Site – Phase 2 Remedial Design, Groundwater Management
Alternatives Analysis, EA Engineering, Science, and Technology, November 2011.
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1.3 STAKEHOLDER COORDINATION

Section 11.2.5 of the ROD (U.S. EPA 2007) requires coordination with the AWI property owner and

adjacent property owners to minimize disruptions to ongoing business operations. Specific actions

regarding stakeholder involvement include:

 Minimize the disruptions to AWI’s ongoing pre-cast concrete manufacturing operations;

 Coordinate with the property owners of the 3975 Elm Avenue property and the PER property

to minimize disruption of redevelopment activities on their respective properties;

 Coordinate with FIGG Bridge Developers, LLC (FIGG) regarding activities around the

former Jordan Bridge (previously owned by the City of Chesapeake) and the construction of

the South Norfolk Jordan Bridge; and

 Coordinate with the City of Portsmouth Public Works Department, which will provide

routine operation and maintenance on the relocated Elm Avenue storm drain.

Substantial coordination efforts have been performed by EPA and EA throughout the design process.

Stakeholder input was actively sought by EPA/EA and design considerations were made in response to

that input to minimize disruptions to ongoing and future business operations. Coordination was performed

with the following stakeholders during design:

 AWI

 The 3975 Elm Avenue Property Owner

 The PER Property Owner

 FIGG

 The City of Portsmouth

 The Virginia Department of Environmental Quality (VDEQ)

EPA/EA performed extensive coordination with many stakeholders through meetings, telephone calls,

and e-mails; special efforts and additional emphasis were placed on the stakeholders upon whose property

the Elm Avenue Storm Drain Relocation and Groundwater Collection Trench project will be constructed.

The more significant coordination efforts with the stakeholders are summarized in the following table.
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Elm Avenue Storm Drain Relocation and Groundwater Collection Trench

Significant Coordination Events

Date Coordination Description Stakeholders Included

August 9, 2011 EA met in Portsmouth, Virginia with the

Department of Public Works to discuss the

project concept and requirements and

comments proposed by the City.

 City of Portsmouth

December 14, 2011 The Preliminary Design was sent to

stakeholders for their review and comment.

 AWI

 3975 Elm Avenue

Property Owner

 City of Portsmouth

 PER Property Owner

 VDEQ

January 13, 2012 EA met in Portsmouth, Virginia to discuss the

Preliminary Design and the concerns relative

to the property.

 3975 Elm Avenue

Property Owner

February 16, 2012 EA requested gantry crane specifications

related to ongoing work operations conducted

on AWI property.

 AWI

February 24, 2012 EA requested pier locations and geotechnical

information related to the South Norfolk

Jordan Bridge in an effort to avoid the piers,

provide future maintenance access, and utilize

existing soil information.

 FIGG

March 13, 2012 EA met in Virginia Beach, Virginia to discuss

ongoing development design of PER

Property.

 PER Property Engineer

March 30, 2012 The Pre-Final Design was submitted to

stakeholders for review and comment.

 AWI

 3975 Elm Avenue

Property Owner

 City of Portsmouth

 PER Property Owner

 FIGG

 VDEQ

May 9, 2012 EA met in Portsmouth, Virginia to discuss the

Pre-Final Design and existing site conditions

on the AWI Property.

 AWI
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Elm Avenue Storm Drain Relocation and Groundwater Collection Trench

Significant Coordination Events

Date Coordination Description Stakeholders Included

June 27, 2012 The Final Design was submitted to

stakeholders for review and comment. No

comments were received.

 AWI

 3975 Elm Avenue

Property Owner

 City of Portsmouth

 PER Property Owner

 FIGG

 VDEQ

Note: The above table is not meant to be an all-inclusive list of coordination activities.

General descriptions of issues that may impact specific stakeholders and related design modifications are

described in the following sections.

1.3.1 AWI

EPA coordinated with AWI during preparation of the Elm Avenue Storm Drain Relocation and

Groundwater Collection Trench RD. EPA provided the contract documents to AWI to solicit comments.

The coordination with AWI resulted in:

 Change in alignment of the proposed storm drain and groundwater trench to allow access to

the southern bulkhead.

 Increased structural design of the pipe and stormwater structures based on AWI equipment

requirements.

 Coordination of construction sequence to lessen impact to ongoing business activities.

 Requirement of a pre-construction topographic survey of the project area to account for

placed fill associated with the South Norfolk Jordan Bridge.

1.3.2 3975 Elm Avenue Property Owner

EPA coordinated with the owner of the 3975 Elm Avenue property during preparation of the Elm Avenue

Storm Drain Relocation and Groundwater Collection Trench RD.

EPA provided the design documents to the owner of the 3975 Elm Avenue property to solicit comments.

The significant design modifications that resulted from coordination with the 3975 Elm Avenue property

owner were:

 In the future, if a stormwater quality structure is necessary, it will be placed in an area that

will minimize or eliminate the encroachment onto the 3975 Elm Avenue property.
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EPA also considered access and future beneficial use of consolidated dredged material containment area

upon completion of the dredged material placement for the owner of the 3975 Elm Avenue property.

Accordingly, EPA/EA will provide a drivable transition from the current grade on the 3975 Elm Avenue

property to the top of the new land at elevation 10.5 (feet, North American Vertical Datum of 1988

[NAVD] 88). The drivable transition will be designed as part of a future RD effort.

1.3.3 PER Property

EPA coordinated with PER during preparation of the Elm Avenue Storm Drain Relocation and

Groundwater Collection Trench RD.

EA provided the design documents to PER to solicit comments. The coordination with the PER property

owner resulted in:

 Revised grading design of the future dredged material on PER property to accommodate PER

development plans.

 Removal of the stormwater quality structure on PER property proposed to manage

stormwater quality requirements for the property. PER development plans will include

stormwater quality management for the newly generated land.

1.3.4 FIGG Bridge Developers, LLC

EPA coordinated with FIGG during preparation of the Elm Avenue Storm Drain Relocation and

Groundwater Collection Trench RD. EPA provided the design documents to FIGG to solicit comments.

The coordination with FIGG resulted in:

 Change in alignment of the proposed storm drain to avoid conflict with future bridge piers.

 Obtaining supplemental geotechnical information on existing site soils.
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2.0 BASIS OF DESIGN

The basis of design report provides a description of the analyses conducted in the development of the

design approach. The following sections provide discussion of the design assumptions, the RA

contracting strategy, regulatory requirements, and the identification of easement and access requirements.

In reviewing this report, the following factors must be considered as major objectives and/or constraints

of this design;

1. The relocated Elm Avenue storm drain system is designed to convey 10-year, 24-hour design

storm flow from the existing drainage areas up stream of the Elm Avenue − Veneer Road 

intersection and the anticipated runoff from the new land that will be created by the placement of

contaminated Elizabeth River sediments behind the OSPW. Due to the flat site topography, the

amount of impervious area in the local drainage areas, and the water level of the Southern Branch

of the Elizabeth River, it is not possible to accommodate drainage of runoff during a storm surge

condition.

2. The relocated Elm Avenue storm drain system must discharge to the pre-placed 42-in. outfalls

which penetrate the Offshore Sheet Pile Wall near the restored wetlands. The construction of

these pre-placed outfalls is part of the Offshore Sheet Pile Wall remedial action and is not part of

the Elm Avenue Storm Drain Relocation and Groundwater Collection Trench project. The pre-

placed outfalls are currently in construction under the OSPW Contract.

3. The City of Portsmouth, who will be responsible for the maintenance of the relocated Elm

Avenue storm drain system, has requested that the design minimize or eliminate exposure of city

maintenance workers to contaminated environments and materials to the greatest extent possible.

Therefore, the relocated Elm Avenue storm drain system includes a geomembrane liner to

provide protection to their employees and minimize exposure to contaminated material.

4. Between Junction boxes 1 and 2, the relocated Elm Avenue storm drain system must be able to

withstand the loads generated by AWI’s fully loaded gantry cranes. It is not anticipated that these

gantry cranes will be in operation north of Junction Box 2.

Although many additional, more detailed design criteria are developed and presented in this document,

the reader should keep in mind these four main considerations when reviewing this Basis of Design

report.

It is the intent of this document to be reviewed with the contract drawings as frequent references to

the drawings are included in this report. Having both documents available will give the reader a

better understanding of the site and the project.

2.1 ELM AVENUE STORM DRAIN SUMMARY

The existing Elm Avenue storm drain system currently discharges into a small inlet along the south side

of Elm Avenue which outfalls into the Southern Branch of the Elizabeth River. Portions of the existing
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Elm Avenue Storm Drain have been fiberglass in-situ form-lined to minimize the infiltration of

contamination into the pipe and eventually into the river. Working around the in situ form liner installed

in the storm drains around the intersection of Elm Avenue and Veneer Road will require care during

demolition and connection to the proposed storm drain.

The obstruction created by the installation of the OSPW makes it necessary to relocate this system along

the western edge of the future dredged material containment cell and extend it to a new point of discharge

through the OSPW. The existing discharge point and proposed storm drain alignment are illustrated in

Figure 3 – Proposed Conditions Plan. The need for this new discharge point led to the decision to include

steel pipes through the southern bulkhead portion of the OSPW as part of the OSPW Contract

Documents, which were issued for construction by the USACE Norfolk District.

The design of the southern bulkhead includes the use of a concrete deadman tieback system which is

designed with a bottom elevation of 0.0 (NAVD88). The 48-in. king piles placed as part of the OSPW

have a clearance of 4 ft − 10 in. between the king piles. Based on the design of the OSPW, the outside 

diameter of the steel pipes placed as part of the OSPW contract is 42 in. In order to avoid conflict with the

concrete deadman, the steel pipes were designed at an invert elevation of -4 ft (NAVD 88). The steel

pipes will be constructed to extend upstream beyond the limits of the concrete deadman which will allow

the Elm Avenue storm drain relocation contractor to connect to the steel pipes and avoid the sheet pile

wall components (pilings, deadmen, tiebacks, etc.). The size, location, and installation of the steel pipes

are specified in the Contract Documents for the OSPW. The extent of the steel pipes and other

components installed as part of the OSPW are shown in plan and profile view on Drawing C-5 STORM

DRAIN PLAN AND PROFILE I of the Contract Drawings.

The portion of the existing storm drain along Elm Avenue and Veneer Road to be connected to the

proposed storm drain relocation has a flat slope and shallow depth due to its proximity to the Southern

Branch of the Elizabeth River and lack of relief across the watershed. The existing Elm Avenue storm

drain, including size and invert information, is shown on Drawing C-2 EXISTING CONDITIONS PLAN

of the Design Drawings. The shallow depth of the existing storm drain restricts the relocated pipe size that

can be installed with adequate ground cover to a maximum diameter of 36 in. Due to this restriction, the

design requirement to convey the 10-year, 24-hour design storm (per City of Portsmouth storm drain

requirements) and the desire to minimize flooding during frequent storm events, multiple 36-in. pipes are

required to convey stormwater runoff to the proposed discharge point.

Hydrologic analyses were performed for pre-development and post-development drainage conditions for

the drainage areas to both the existing and proposed storm drain system. The assumptions and analysis

summaries are presented in Section 2.2 of this report. The drainage area maps and hydrologic analyses are

included in Appendix A. The analyses determined that three 36-in. pipes are required to convey the 10-

year, 24-hour peak runoff for the downstream portion of the storm drain and two 36-in. pipes are required

for the upstream portion. The existing and proposed storm drain systems, along with other design

features, are shown on Drawing C-4 PROPOSED CONDITIONS PLAN of the Design Drawings.

Storm Drain Alignment

The alignment for the storm drain relocation and extension was chosen based on the need to avoid the

existing bridge piers and to avoid potential future piers. The alignment was also chosen to be outside the
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limits of the future dredged material containment facility. The proposed alignment provides access points

for connection to the future stormwater quality facilities required for runoff from the area created by the

completed dredged material containment cell.

Operation and Maintenance

The existing storm drain is owned by the City of Portsmouth Public Works Department, which provides

routine maintenance. Connecting to and extending the storm drain southeast across the AWI property will

require a City of Portsmouth easement for future maintenance access. In order to avoid contact with

contaminated soils during future maintenance activities, a geomembrane is included in the design to line

the excavated pipe trench. To reduce potential damage to the geomembrane during maintenance of the

pipe, separate vertical and horizontal easements are proposed. The horizontal easement will provide

access for maintenance crews and equipment, while the vertical easement will restrict excavation access

to the pipes only, thus restricting the potential for contact with the trench liner and underlying

contaminated material. Cross sections of the proposed storm drain trench are illustrated on Drawings C-8

through C-10 of the Design Drawings.

To minimize the potential for flooding to occur at the site, the following considerations have been

incorporated into the design:

Effects of Localized Storm Events, Storm Surges and Tidal Elevations

The project site is located within the coastal plain; therefore, the water surface in the adjacent Southern

Branch of the Elizabeth River is tidally-influenced. Generally in coastal regions, large storm events (25-

year, 50-year, and 100-year) are associated with hurricanes (Nor’easters) and tropical storms which

generate large rainfall amounts resulting in large storm surges in the river, in addition to large stormwater

runoff from upland areas. These storm surges in the river create significant flooding of the low-lying

areas on the AWI and adjacent properties by inundation from the rising water surface of the Elizabeth

River. More frequent storm events (2-year, 5-year, and 10-year) may not cause significant surges in river

elevations. However, it is possible for the river to reach flood elevations as a result of weather occurring

away from the site.

During these more frequent storm events; runoff will be captured and conveyed by the storm drain when

the site is not experiencing a storm surge in the river, with only the tide creating a backwater condition.

The water surface elevation of the river under storm surge conditions may inundate portions of the site

regardless of the storm drain, i.e. the relocated Elm Avenue storm drain will not drain freely and will not

prevent flooding during storm surge conditions. Because of this, the hydraulic models do not include

river water surface elevations resulting from storm surge as a tailwater condition for the storm drain.

Model scenarios were run using Mean High Water, Mean Sea Level, and Mean Low Water tide elevations

as tailwater conditions. The description and results of the hydrologic and hydraulic analyses for the pre-

development and post-development conditions are stated in Section 2.2 of this document.

Installation of Storm Drain Tide Valves

Because the proposed storm drain discharge point in the OSPW is located at elevation -4 to avoid the

structural components of the OSPW, the outlet will be underwater and will be affected by fluctuations in

the tide elevations of the Elizabeth River. Temporary, bolted-on blind flanges will be installed as part of

the OSPW construction contract on the upstream end of the steel pipes penetrating the OSPW.
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As part of the Elm Avenue Storm Drain Relocation construction, storm drain tide valves will be installed

in the three steel pipes immediately downstream of the Storm Drain Junction Box 1. The storm drain tide

valves will provide back flow prevention for the discharge point that will almost always be underwater.

The design of the storm drain tide valves allow a head differential of approximately 1 in. across the valves

to open the valves and allow the storm drain to discharge even in submerged conditions. The storm drain

tide valves are shown in the storm drain profile located on Drawing C-5 STORM DRAIN PLAN AND

PROFILE I and in the details on Drawing C-13 STORM DRAIN & GROUNDWATER COLLECTION

TRENCH DETAILS of the Design Drawings.

2.1.1 Design

Details of the storm drain design are discussed in this section, including:

 Dewatering

 Grading/Excavation

 Material

2.1.1.1 Dewatering

The proximity of the Elm Avenue Storm Drain Relocation project to the Southern Branch of the Elizabeth

River results in groundwater elevations near the existing ground surface. Due to these shallow

groundwater elevations, the construction of the storm drain system will require dewatering to create

workable conditions within the areas of excavation. A water control plan for the dewatering effort is

required to be completed by the RA subcontractor in accordance with the specifications for this project.

A groundwater model has been created to determine the quantity of water anticipated to be dewatered

during excavation and construction activities. The description, illustrations, and results of the model have

been included in Appendix B – Dewatering Calculations. Excavation activities will be sequenced to

minimize the quantity of dewatering (and potential treatment) prior to local discharge. Requirements for

dewatering including monitoring, potential treatment and discharge are included in the Contract

Specifications. Available soil characteristics and water quality data in the vicinity of the proposed storm

drain relocation is provided in Attachments 1 and 2 of the Contract Specifications.

2.1.1.2 Grading/Excavation

The ongoing AWI operations and current FIGG bridge construction project have changed the existing

topography shown on the Design Drawings from the 2009 Woolpert survey. The proposed interim

grading that has been designed as part of the Elm Avenue Storm Drain Relocation project has been

graded to the existing topography as shown on the 2009 Woolpert survey. This interim grading will match

the proposed grading around the southern bulkhead concrete deadmen that will be completed as part of

the OSPW construction. The interim grading is shown on Drawing C-4 PROPOSED CONDITIONS

PLAN of the Design Drawings. In order to minimize the amount of future grading, the interim grading

specified over the storm drain alignment also conforms to the grades that are shown in Figure 2 – Final

Grading Plan.
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Contaminated Excavated Material

The AWI property was previously used for the treatment of wood products which has resulted in soil and

groundwater contamination. All material excavated for the installation of the Elm Avenue Storm Drain

Relocation will be considered contaminated and handled in accordance with Section 02 61 13

EXCAVATION AND HANDLING OF CONTAMINATED MATERIAL. Contaminated excavated

material will be placed in the Stockpile Area A on the west side of the AWI site.

2.1.1.3 Material

The materials associated with the construction for the storm drain design include the following:

a. HDPE Geomembrane Liner

The storm drain trench will be lined using a 60-mil textured HDPE geomembrane liner to

minimize the potential for contaminated groundwater to enter the trench and backfill. The

geomembrane liner also provides a barrier which will create an area within the trench that is

considered clean and will allow the City of Portsmouth to maintain the storm drain without the

need for specialized training. Calculations for the geomembrane liner have been prepared to

illustrate the strength and anchor trench design and are included in Appendix C – Geomembrane

Liner Calculations. Documentation from the Plastics Design Library regarding the high chemical

resistance of the HDPE geomembrane liner to creosote is also provided in Appendix C.

b. Geotextile

The HDPE Geomembrane liner will be lined along the top and bottom surfaces with two layers of

16-ounce, non-woven geotextile in accordance with AASHTO M 288. The bottom layer of

geotextile will provide a cushion layer between the geomembrane and the underlying soil

material. The top layer will provide a cushion layer between the geomembrane and the trench

backfill for the storm drain; this additional geotextile layer will provide increased protection

against puncture of the geomembrane. Geotextile will also be placed between the Select Bedding

and Select Fill in the storm drain trench.

c. Storm Drain Junction Boxes

The storm drain junction boxes have been designed to withstand HS-20 loading in accordance

with Virginia Department of Transportation (VDOT) standards. The storm drain junction boxes

will be protected with concrete bollards to restrict the gantry cranes and other equipment used by

AWI from driving over the storm drain junction boxes. This restriction removes the need to

design the structures for severe loading conditions and reduces the cost of the structures. The

junction boxes are designed using lightweight concrete with a slab that will be below the

geomembrane liner and will potentially be subjected to contact with contaminated soil. Design

calculations for the storm drain junction boxes are included in Appendix D – Storm Drain

Structural Calculations.
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d. Reinforced Concrete Pipe

The storm drain pipes have been designed to withstand the loading conditions of the gantry

cranes used for AWI operation and require installation of Class 3 reinforced concrete pipe.

Design calculations for the storm drain are located in Appendix D – Storm Drain Structural

Calculations.

e. Backfill and Grading Materials

The material needed for the backfill of the storm drain section and final grading will be clean,

imported material meeting select material criteria required by the Hampton Roads Planning

District Commission Regional Construction Standards.

The trench backfill will be saturated along the entire length of the relocated storm drain prior to
placement of the low permeability gravel using clean, potable water.. By saturating the backfill,
hydraulic pressure will be equalized between the inside and outside of the trench liner, minimizing
the potential for contamination to migrate through the liner. Temporary observation wells will be
installed prior to saturation to monitor the level of the saturation until saturation is achieved to the top
of the select fill material. The observation wells will be abandoned in place once full saturation is
achieved.

f. Storm Drain Trench Drains

Trench drains have been designed in the bottom corners of the trench upstream of Storm Drain

Junction 1 for a distance of approximately 210 ft . The trench drains will consist of perforated 6-

inch diameter HDPE pipe wrapped in a filter sock to minimize fines from entering the drains.

The 6-inch HDPE pipe will transition to an 18-inch diameter HDPE pipe near Storm Drain

Junction Box 1. The trench drains will include a monitoring port connected to the 18-inch

diameter HDPE pipe and extended to the ground surface that will allow for the monitoring of

water level and quality within the trench section. The trench drains will connect to Storm Drain

Junction Box 1, but will remain capped to restrict discharge of the water within the trench into the

junction box. Connection to the junction box will be for future evacuation of the water within the

trench if necessary for future maintenance. .

Between Junction Boxes 1 and 2, there are two additional 6-inch diameter HDPE trench drains to

be located just above the estimated elevation of the groundwater following ultimate site

development. These two pipes are intended to keep the water level within the trench below the

maximum desired groundwater level following completion of the AWI remedial action. The

higher trench drains discharge to Junction Box 1 above the level of tidal influence.

Locations of the storm drain trench drains are illustrated on Drawing C-5 Storm Drain Plan and

Profile I and details are located on Drawing C-13 Storm Drain & Groundwater Collection Trench

Details.
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2.2 ELM AVENUE STORM DRAIN DRAINAGE

2.2.1 Hydrologic Analysis

EA has evaluated both pre-development and post-development conditions for the drainage areas affected

by the construction of the OSPW. The intent of this analysis is to identify the drainage areas contributing

to the site, assess the existing stormwater infrastructure currently in place, and identify the requirements

for stormwater management as set forth by the Applicable or Relevant and Appropriate Requirements

(ARARs). In order to calculate peak stormwater discharges necessary to complete the Elm Avenue storm

drain relocation design, EA utilized existing topographic survey to determine existing drainage areas and

conditions (See Figure 1 – Pre-Development Drainage Area Map and Figure 2 – Post-Development

Drainage Area Map, Appendix A).

The 2-year 24-hour, 5-year 24-hour, 10-year 24-hour, 25-year 24-hour, 50-year 24-hour, and 100-year 24-

hour storm events were evaluated to determine the hydraulic capacity of the storm drain, in addition to the

effects of the tidal water surface elevations on this capacity. Peak flows were calculated for the 2-year 24-

hour, 5-year 24-hour, 10-year 24-hour, 25-year 24-hour, 50-year 24-hour, and 100-year 24-hour using the

TR-55 (Technical Release – 55) hydrologic methodology built into Autodesk Storm and Sanitary

Analysis Software. Technical Release – 55 is based on the Natural Resources Conservation Service

(NRCS) formerly known as the Soil Conservation Service (SCS) method for computing peak flows. The

method utilizes Runoff Curve Number (RCN)2 and Time of Concentration (TC)3 information as input for

calculating peak flows for various design storms. Rainfall data included in the Autodesk Storm and

Sanitary Analysis software is based on values from Technical Paper No. 40 (TP-40) released by United

States Department of Commerce. Rainfall values from TP-40 for the region where the project site is

located are higher than values from the newer National Oceanic and Atmospheric Administration

(NOAA) Atlas 14 data and are therefore considered to be conservative. Rainfall distribution used for the

hydrologic analysis is Type III distribution for the Virginia coastal region. The storm events were

evaluated under three (3) tidal scenarios: Mean High Water, Mean Sea Level, and Mean Low Water.

Land use boundaries and time of concentration paths were approximated using the existing topography as

previously described.

2Runoff Curve Number, abbreviated RCN or CN, is calculated based on characteristics of the contributing drainage
area, including the following parameters: Hydrologic Soil Group, Ground Cover, and Land Use.
3 Time of Concentration, measured in units of hours, is calculated for each drainage area and based on the amount of
time it would take for stormwater to travel on the longest flow path before outletting at the point of investigation
(POI).
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Table 1 – Drainage Area and Peak Flow Results

Sub
Basin
ID*

Drainage
Area

(acres)

Runoff
Curve

Number

Time Of
Concentration

(minutes)

10-year
Runoff (cfs)

[Design Storm]

100 year
Runoff (cfs)

EX1 7.34 86 14 28.3 45.5

EX2 3.15 83 4 12.9 21.3

EX3 7.96 89 21 27.9 44.3

EX4 5.16 92 12 22.5 34.7

EX5 1.56 80 13 5.3 9.0

EX6 0.36 91 13 1.5 2.3

N1 3.18 98 4 16.0 24.0

N2 3.27 98 13 14.7 22.1

N3 3.47 98 15 15.1 22.7

N4 2.06 98 20 8.3 12.5

* - Sub Basins are shown on Figure 1 – Pre-Development Drainage Map and Figure 2 –

Post-Development Drainage Map located in Appendix A – Hydrologic Calculations.

2.2.2 Hydraulic Analysis

2.2.2.1 Pre-Development Conditions

EA performed a hydraulic analysis for the storm drain utilizing the peak runoffs determined in the

hydrologic analysis for the pre-development and post-development conditions. The analysis on the pre-

development conditions was completed to determine the capacity and effectiveness of the existing system.

The analysis confirmed the existing storm drain system has little capacity and the systems often

surcharges through the inlets (as observed by property owners in the area) causing the inundation of the

roadway sections.

Because of the majority of the runoff being conveyed on the ground surface (or roadway), a hydraulic

analysis was performed using the U.S. Army Corps of Engineers Hydrologic Engineering Center Riverine

Analysis System (HEC-RAS) program to determine the limit of flooding. Three models were established

using the required 10-year 24-hour design storm along with three tidal scenarios [Mean High Water

(1.17 NAVD88), Mean Sea Level (-0.25 NAVD88) and Mean Low Water (-1.69 NAVD88)] as tailwater

conditions. The input, assumptions and results for the pre-development hydraulic model are included in

Appendix E – Hydraulic Calculations. The limits of inundation for the existing conditions and tidal

scenarios are shown on Figures 1-3 – Area of Inundation Figures in Appendix E – Hydraulic

Calculations.
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2.2.2.2 Post-Development Conditions

Due to the proximity to the river and relatively flat existing grades, the storm drain must be constructed at

a shallow depth, therefore restricting the size of pipe that can be installed. The largest pipe diameter that

can be installed and maintain adequate ground cover is 36-in. Utilizing the results of the post-

development hydrologic analysis it was determined that three 36-in. reinforced concrete pipes with an

approximate length of 395 linear feet (LF) will be required upstream of the OSPW to convey the peak

runoff from the 10-year, 24-hour design storm. The use of equivalent elliptical reinforced concrete pipes

was considered as an alternative to circular pipe to reduce the depth of excavation; however, this option

was eliminated due to the greater live load from AWI equipment over the wider horizontal pipe section

and the reduction in effective lateral support due to the smaller vertical dimension of the elliptical pipe

section.

The steel pipes to be installed as part of the OSPW construction will extend approximately 5 ft beyond the

limits of the most upgradient OSPW structures (the deadmen). This allows a flanged connection point to

extend the steel pipes upstream to connect with Storm Drain Junction 1. Storm Drain Junction Box 1

consists of a concrete vault with the three influent concrete pipes and the three effluent steel pipes, which

will provide for the connection of both the concrete storm drains and the steel pipes. This arrangement

will negate the need to “mate” two different pipe materials. Based on operational equipment currently

used by AWI, the proposed storm drain will consist of a high class reinforced concrete pipe material to

withstand future equipment loading. The relocated storm drain will transition to two 36-in. reinforced

concrete pipes with an approximate length of 200 LF upstream of a second vault (Storm Drain Junction 2,

Figure 3 – Proposed Condition Plan) where the system’s design drainage area is smaller in size.

Based on the peak flows for the existing drainage areas, the design also proposes to increase the capacity

of the existing storm drain system near the Elm Avenue and Veneer Road intersection by replacing the

existing 12-in. and 15-in. storm drains with 24-in. and twin 36-in. reinforced concrete pipes (Storm Drain

Junction 4, Figure 3 – Proposed Condition Plan). By replacing the undersized pipes and storm drain

inlets located in the vicinity of the Elm Avenue and Veneer Road intersection with larger storm drain

pipes, the flooding conditions currently experienced during frequent storm events will be reduced and will

drain much faster than current conditions. Design of the Elm Avenue storm drain relocation is in

accordance with City of Portsmouth and Hampton Roads Regional Construction Standards.

The post-development hydraulic analysis of the storm drain was performed using existing topographic

survey and the proposed final grading for the dredged containment area; the proposed final grades are

shown in Figure 2 – Final Grading Plan. The post-development hydraulic analysis utilized three tidal

scenarios for underwater discharge [Mean High Water (1.17 NAVD88), Mean Sea Level (-0.25

NAVD88) and Mean Low Water (-1.69 NAVD88)]. Also, because the runoff from the existing sub

basins is primarily conveyed overland, the proposed storm drain junction boxes will provide area inlets

that will capture and convey flows. The area inlets will consist of frame and grates cast into Storm Drain

Junction Boxes 3 and 4, which will accept overland flow conveyed by Elm Avenue and Veneer Road.

The input, assumptions and results for the post-development hydraulic model are included in Appendix E

– Hydraulic Calculations.
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The hydraulic analysis shows that three 36-inch RCP will convey the 10-year, 24-hour design storm

during all tidal scenarios without exceeding the rim elevation of the storm drain junctions. By providing

additional capacity, the storm drain will convey stormwater runoff more effectively than the existing

condition, which currently overtops and floods the roadway during the 10-year, 24-hour and more

frequent storms. The analysis also determined the storm drain can convey flows from storm events

greater than the 10-year, 24-hour storm. However, during large storm events, rise in tidal elevations in

the river due to storm surge may reduce the storm drain system’s ability to drain until the storm surge

passes.

Calculations associated with the hydraulic analyses are included in Appendix E.

2.2.3 Software Used

The following software was employed in the hydrologic and hydraulic analysis:

 AutoCAD Civil 3D 2012, distributed by Autodesk, was used in the drafting, electronic

topographic model, and volume calculations for the project.

 Storm and Sanitary Analysis software, distributed by Autodesk, was utilized to determine

stormwater runoff and flow quantities. Storm and Sanitary Analysis software includes TR-55

hydrologic methodology which is a single-event rainfall-runoff hydrologic model for small

watersheds developed by the Natural Resources Conservation Service. The model generates

hydrographs from both urban and agricultural areas and at selected points along the stream

system.. Multiple sub-areas can be modeled within the watershed. Storm and Sanitary

Analysis was also utilized for the hydraulic modeling. The software utilizes hydrodynamic

routing methods to route runoff through the drainage system. The software can

simultaneously simulate dual drainage networks (stormwater sewer network and city streets

as separate but connected conveyance pathways) and inlet capacity.

 U.S. Army Corps of Engineers Hydrologic Engineering Center Riverine Analysis System

(HEC-RAS) and Autodesk Storm and Sanitary Analysis 2012 were utilized for the hydraulic

modeling.

2.2.4 New Area Stormwater Management

City of Portsmouth regulations state that stormwater management is required in the event of increased

runoff as a result of development. The construction of the OSPW and East Side Containment Berm will

ultimately create a containment facility and produce new land, which will generate increased stormwater

runoff.

Due to the nature and proximity of the Elizabeth River (a tidal water body), Virginia Code 10.1 provides

an exemption for stormwater quantity management since the project site has a direct discharge to the

tidally-influenced receiving water. This eliminates the need to place stormwater quantity management

facilities to attenuate post-development flows for discharge at pre-development rates. However, the
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additional storm runoff from the newly-created land area will require stormwater quality management

prior to discharge into the Southern Branch of the Elizabeth River.

In order to collect stormwater runoff from this area for quality treatment, the future grading of the

dredged material containment area must slope away from the sheet pile wall toward the west where

stormwater quality management facilities are proposed. To provide quality management, the design

proposes the use of storm filter vaults (connected at various locations to the new storm drain) to reduce

particulate pollutants based on Virginia regulations. The general locations of the stormwater quality

management facilities are shown conceptually on the Design Drawings, and will be more precisely

located and designed as part of a future RD effort and are not part of the Elm Avenue storm drain

relocation project. Each property owner will be responsible to maintain their individual stormwater

quality management facilities located on their property. EPA expects that the City of Portsmouth will be

responsible for maintaining the other components of the relocated storm drain system as shown on the

drawings from the Elm Avenue area to the proposed discharge point in the Elizabeth River.

2.2.5 Management of Stormwater Runoff By Property

The overall intent of stormwater management for the newly-created land resulting from the consolidation

of dredged Elizabeth River sediments is to prevent runoff on each of the four future properties from

crossing property boundaries. Stormwater will be managed on each property individually and separately

from the other properties.

Additionally, the grading for the newly-created land as shown on Figure 2 – Final Grading Plan is

intended to be the final grading configuration for the cap of the dredged material containment

facility. Changes to the grading in subsequent design phases or future related remedial designs will

require reassessment of drainage and stormwater management requirements.

This section describes how stormwater will be handled on each of the properties once the dredged

material containment facility is completely developed. The grading will be performed as part of a

future RD effort and is not part of the Elm Avenue storm drain relocation project. Note that these

plans could change depending on future discussions with land owners.

AWI Property

Proposed ground surface elevations on future AWI property generated by the completed containment cell

will provide a large flat area adjacent to the pile cap. Near the transition from the OSPW pile cap to the

southern bulkhead, the ground will slope to the west at approximately 3 percent toward two proposed

stormwater quality management facilities, one located along the northern boundary with the FIGG

property and one located along the berm to the north of the restored wetland. These facilities will be

connected to the relocated Elm Avenue storm drain system via Storm Drain Junction Box 1 and Junction

Box 2 for discharge through the OSPW. The stormwater quality management facilities will be

designed as part of a future RD effort and are not part of the Elm Avenue storm drain relocation

project.
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FIGG Property

Proposed ground surface elevations on the future FIGG property generated by the completed containment

cell will provide a flat area near the OSPW pile cap with a shallow slope to the west before transitioning

to a 3 percent slope graded from east to west toward one proposed stormwater quality management

facility to be located on the property. This facility will be connected to the proposed storm drain system

via Junction Box 2 for discharge through the OSPW. The stormwater quality management facilities

will be designed as part of a future RD effort and are not part of the Elm Avenue storm drain

relocation project.

3975 Elm Avenue Property

Similar to the other properties, the proposed ground surface elevations on the future 3975 Elm Avenue

property generated by the completed containment cell will provide a flat area with a shallow slope to the

west transitioning to a 3 percent slope graded from east to west toward one proposed stormwater quality

management facility to be located near the property. The facility will be connected to the proposed storm

drain system via the standard curb inlet being replaced along the east side of Veneer Road for discharge

through the OSPW. The stormwater quality management facilities will be designed as part of a

future RD effort and are not part of the Elm Avenue storm drain relocation project.

PER Property

Proposed ground surface elevations on the future PER property generated by the completed containment

cell will have a shallow slope graded to the northwest toward the existing swale constructed as part of the

East Side Containment Berm project. It is understood as part of the PER property development, PER will

be responsible for capturing surface runoff from the newly-created land and provide stormwater quality

management within the PER property boundary prior to discharge into the Southern Branch of the

Elizabeth River. Runoff from the PER property will not flow into the relocated Elm Avenue storm drain.

2.2.6 Property Owner Future Land Access

AWI Property

Access to the future AWI property created by the consolidation of dredged sediments will be provided

between the FIGG property boundary and proposed Storm Drain Junction Box 1. This access is

approximately 240 ft wide.

FIGG Property

Access to the future FIGG property created by the consolidation of dredged sediments will be provided

from Elm Avenue.

3975 Elm Avenue Property

Access to the additional property created by the consolidation of dredged sediments will be provided via a

transitional ramp located on the property near the western end of the East Side Containment Berm. The

ramp will be capable of supporting large truck traffic and is intended to traverse up and over the East Side

Containment Berm onto the newly created land. The ramp is not part of the Elm Avenue storm drain

relocation design, but will be part of a future RD effort.
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PER Property

Access to the newly created PER property will be provided from the existing PER property to the north.

Future development by the property owner may warrant additional stormwater management system

modifications, which will be the responsibility of the PER property owner.

2.3 GROUNDWATER COLLECTION

Groundwater under the east side of the AWI property generally flows eastward towards the Elizabeth

River. Once the OSPW is constructed, groundwater flow to the east will be restricted and groundwater

will gradually mound behind the OSPW. The OSPW is designed to support a maximum groundwater

elevation of +3.5 ft NAVD88 behind the OSPW. A Groundwater Treatment Alternatives Analysis was

prepared by EA (2011) to evaluate the potential mounding of groundwater behind the OSPW and develop

alternatives to hydraulically control the mound and treat the groundwater, if needed. The Alternatives

Analysis concluded that a groundwater control component is necessary for interception and hydraulic

control of contaminated groundwater.

A groundwater collection trench component is included with the design and installation of the Elm

Avenue storm drain relocation to provide cost and time savings for EPA. This inclusion provides an

increase in construction efficiency by combining two separate systems in the same vicinity into one

construction contract. The groundwater collection trench will provide future hydraulic control of

groundwater on both the east side of the existing AWI property and the completed dredged material

containment cell following its ultimate development. This RA will not result in discharge of groundwater

to the Elizabeth River, but the RD does evaluate the potential to discharge in the future. The proximity of

the groundwater trench to the storm drain trench is shown on Figure 3 – Proposed Conditions Plan, and

Figure 4 – Storm Drain and Groundwater Collection Trench Cross Section provides a section view of

both trenches.

The Elm Avenue Storm Drain Relocation and Groundwater Collection Trench design includes a

groundwater collection trench (and monitoring port) for hydraulic control of future groundwater flows,

but does not include groundwater treatment. However, the need for groundwater treatment and potential

groundwater treatment technologies were evaluated as part of this design and will be further refined in a

future RD effort. A memorandum documenting the potential groundwater treatment is included in

Appendix F. This design allows space on the site at the end of the proposed groundwater collection trench

for the inclusion of a potential future groundwater treatment system. All of these design elements are

described in more detail in this section of the report.

The design criteria for the groundwater collection trench include the following:

 Construction of a groundwater collection trench that would maintain the groundwater

elevation to a maximum of +3.5 ft at the face of the OSPW, an elevation specified by the wall

design as a design constraint.

 A groundwater conveyance system that would convey the water toward the Elizabeth River

or a potential treatment system in the future.

 There will be no discharge from the groundwater collection trench at this time.
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 A monitoring port will be included in the groundwater trench design.

2.3.1 Design

In order to limit groundwater recharge from the ultimate development of the AWI site, this design

assumes a low-permeability material will be placed over the consolidated dredged material. The

groundwater model used in this design analysis assumes no recharge to the substrate under the cap

following future site development. As a result, the runoff that would drain toward the west and the

relocated storm drain is maximized. The specific cap material will be determined as part of a future RD

effort but it is anticipated to be a tightly packed granular material (e.g., CR-6). This material has very low

permeability, a high load-bearing capacity, and is similar to the majority of the existing AWI property

surface.

Details of the groundwater collection trench design are discussed in this section, including:

 Placement

 Sizing and Elevation

 Grading/Excavation/Material

 Monitoring and Potential Future Treatment

2.3.1.1 Placement

A 2-ft-wide by 3-ft-high gravel-filled trench is proposed to the west of the proposed relocated storm drain

such that its orientation is roughly perpendicular (north-south) to the anticipated groundwater flow. The

groundwater models that were performed as part of this design determined that the construction of one

groundwater collection trench located on the west side of the storm drain trench would provide sufficient

hydraulic control of the groundwater. This layout will allow the trench to intercept the groundwater

flowing from both the east and west, acting as a path of higher hydraulic conductivity. The required

trench length is approximately 450 LF. The trench will be constructed such that it will allow water to

drain by gravity toward storm drain Junction Box 1 for future discharge through the OSPW to the

Elizabeth River.

2.3.1.2 Sizing and Elevation

The groundwater collection trench is sized to capture groundwater from all portions of the AWI property

including the area west of Burton’s Point Road and behind the OSPW (from the future consolidated

dredged material containment area). Design constraints for the OSPW require that the groundwater

elevation in the consolidated dredged material be limited to an elevation of +3.5 ft (NAVD88). In order to

determine the appropriate size and elevation of the groundwater collection trench, a hydrogeologic model

was utilized.

The hydrogeologic model described in the Groundwater Treatment Alternatives Analysis (EA 2011) was

used to model multiple groundwater trench layouts with the stormwater design conditions to determine
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the most viable control design for the groundwater collection trench. The model input data include the

OSPW, a low-permeability cap over the dredged material behind the wall, a cap over the remaining AWI

property, and trees along portions of the AWI property to promote additional hydraulic control. The

model shows that without additional hydraulic control, groundwater is anticipated to mound to an

elevation greater than +3.5 ft (NAVD88) on the west side of the OSPW. The model also illustrated that

additional trees located on the PER or FIGG properties may be beneficial in providing further hydraulic

control of groundwater. This evaluation of planting additional trees will be completed by groundwater

modeling during a future RD effort.

A 2-ft by 3-ft groundwater trench was modeled to assess its ability to decrease the groundwater elevation

at the OSPW and to aid in hydraulic control of groundwater. Different alignments and elevations were

evaluated for their effect on groundwater levels and flow directions. The relocated Elm Avenue storm

drain, which will have an impermeable liner in the excavated trench, was also added to the model input as

a zone of decreased conductivity to assess whether it may impede groundwater flow in the area of the

groundwater collection trench. The model shows the lined storm drain trench has only minimal effect on

groundwater flow and therefore is not expected to interfere with groundwater collection. The model

indicated that a trench with a bottom elevation +1.5 ft, oriented from northwest to southeast and located

parallel to and just west of the relocated storm drain, would limit the groundwater elevation at the face of

the OSPW to 3 ft, below the maximum elevation of +3.5 ft at the OSPW. A trench at elevation +1.5 ft

also creates a hydraulic gradient that promotes water flow into the trench. The gradient enables the trench

to collect groundwater from an area of approximately 12 acres, including much of the area under the

dredged material cap, as well as adjacent areas to the west of the trench (See Figure 3 – Groundwater

Flow Directions for Groundwater Trench at Elev. +1.5, Appendix F). The model indicates that the trench

collects water from these areas, with no water passing under the collection trench (See Figure 4 –

Groundwater Flow Cross-Section for Groundwater Trench at Elev. +1.5, Appendix F). The modeled rate

of flow of groundwater into the trench is 137 cubic feet per day (cfd) (0.7 gallons per minute [gpm]).

For comparison with the trench at +1.5 ft, a trench at 0 ft elevation was also modeled. As expected, the

lower elevation trench collects more water from a larger area. The modeled rate of groundwater flow into

the trench at 0 ft elevation is 300 cfd (1.6 gpm), collected from an area of approximately 20 acres (See

Figure 5 – Groundwater Flow Directions for Groundwater Trench at Elev. 0, Appendix F). As with

placing the trench at +1.5 ft elevation, the model did not show water flowing under the trench at 0 ft (See

Figure 6 – Groundwater Flow Cross-Section for Groundwater Trench at Elev. 0, Appendix F). Therefore,

it was concluded that a trench with a bottom at 0 ft elevation (combined with capping and trees for

additional hydraulic control) would effectively control groundwater flow on the east side of the AWI site,

while also limiting water levels along the OSPW to within the design criterion. It also allows for

additional elevation drop for future treatment and discharge to the Elizabeth River. This arrangement is

included in the design.

To aid in the conveyance of groundwater, the last 20 ft of the groundwater collection trench located at the

southeast end of the trench profile contains an 18-in. diameter perforated SDR11 high density

polyethylene (HDPE) pipe. Due to the potential for large cranes to cross the groundwater collection

trench and damage the 18-in. perforated SDR11 HDPE pipe within the trench, only the outlet section of

the groundwater collection trench contains an 18-in. perforated SDR11 HDPE pipe; the last 20 ft is

expected to be out of the crane travel path, reducing the potential for crushing. At the southeast end of the
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trench, the 18-in. perforated SDR11 HDPE pipe transitions to solid SDR11 HDPE. The solid pipe will

convey groundwater from the trench to a potential future treatment system and the river.

2.3.1.3 Grading/Excavation/Material

The grading and excavation activities associated with the groundwater collection trench design include

the following requirements:

 Excavation for the construction of the groundwater collection trench.

 Dewatering and potential treatment of stormwater runoff, groundwater infiltration or any

potential ponding areas created by the construction of the groundwater collection trench.

Handling, treatment and discharge of stormwater and groundwater from dewatering operation

is described in the Contract Specifications.

 Decontamination of all earthmoving equipment and personnel will be decontaminated prior to

leaving the project site. Intrusive activities will require the decontamination of all equipment

prior to entering public roadways adjacent to site.

The materials of construction for the groundwater collection trench design include the following:

a. Stone

Clean, washed No. 57 stone meeting the requirements of the Contract Specifications will be used

for the groundwater collection trench construction, and will be wrapped in 16-ounce nonwoven

geotextile fabric to prevent sediment and debris from entering the stone-filled trench.

b. HDPE Pipe

The outlet piping will consist of 20 ft of perforated SDR11 18-in. HDPE and will transition to 6 ft

of solid 18-inch HDPE pipe (including the coupler) outside of the groundwater collection trench.

c. Monitor Port

The solid HDPE pipe will have a 6-in. HDPE tee which will extend above grade as a monitoring

port. The monitoring port will be protected with a steel locking casing that will be set within a

2-ft by 2-ft concrete pad.

d. Backfill and Grading Material

Remaining material needed for the construction of the groundwater collection trench will be

clean, imported borrow material meeting criteria required by the specifications for this project.

2.3.1.4 Monitoring and Potential Future Treatment

Volatile organic compounds (VOCs), metals, PAHs, SVOCs and other constituents have been detected in

groundwater at the site. Existing groundwater concentrations for some compounds exceed the Virginia

water quality standards and cannot be discharged to the river without treatment or adequate mixing zones.

Additionally, groundwater which mounds in the area of the future dredged material containment cell may
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come into contact with contaminated dredged material and may have concentrations of VOCs and metals

even higher than existing groundwater. Potential treatment of groundwater and the potential application of

mixing zones were evaluated such that groundwater could be discharged in the future to the Elizabeth

River in compliance with the Virginia water quality standards.

Conceptual design of groundwater treatment vaults assuming a passive treatment media was performed

based on historical data collected at various monitoring wells at the site. Upon evaluation, it was

determined that additional groundwater quality information would be needed to properly size treatment

structures. Further evaluation of future analytical data is required to determine residence time

requirements and type of treatment media necessary to treat the groundwater for compliance with Virginia

water quality standards prior to discharge to the river. Preliminary design, including calculations and

conceptual layouts are included in Appendix F.

In addition to water quality standards for discharge, Virginia also permits the use of mixing zones for

certain discharges. A mixing zone would allow for higher concentrations to be discharged to the Elizabeth

River based on the velocity of the discharge and the corresponding calculated dilution factor. The use of

mixing zones may allow for the reduction or elimination of treatment requirements. Future evaluation

based on future groundwater quality data will be required to determine more accurate groundwater

concentrations to be discharged from the groundwater collection trench and whether discharge would

need to be pumped to the river in order to increase the discharge velocity and corresponding dilution

factors. Further discussion regarding mixing zones and preliminary mixing zone modeling and

calculations are included in Appendix F.

To monitor the quality of groundwater collecting in the groundwater trench, the Elm Avenue Storm Drain

Relocation and Groundwater Collection Trench design includes a 6-in. HDPE at the end of the

groundwater collection trench that will serve as a monitoring port. For this design, the solid 18-in. HDPE

pipe will be capped just beyond the monitoring port. Since the pipe is capped, there will be no

groundwater treatment or discharge to the Elizabeth River after completion of this phase of the

RA.

The intent of the monitoring port will be to sample groundwater from the collection trench to collect

groundwater data during and following the placement of dredged material. The analytical data from the

samples collected will be used to determine more accurate baseline contaminant concentrations. Based on

this data, future treatment facilities may be added downstream of the trench which will allow the

groundwater to flow from the trench, through the treatment system, and to a discharge point into the

Elizabeth River. It is also possible that a refined mixing zone analysis will indicate that treatment is not

required. Groundwater collection and treatment facilities may be added as part of a future RD

effort and are not part of the Elm Avenue storm drain relocation project.

2.4 GEOTECHNICAL INVESTIGATION

Due to the size of the storm drain pipes, the expected live loads following construction, and the fact that a

portion of the pipeline route will be built on fill, a geotechnical assessment of the existing site soils was

conducted. EA contracted Schnabel Engineering, LLC to collect geotechnical borings along the route of
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the new storm drain alignment and perform geotechnical analyses for confirmation that the site soils can

properly support the new pipeline and the junction boxes.

The geotechnical analysis included subsurface exploration, soil laboratory tests, and development of

geotechnical engineering recommendations, including:

 Nature of Existing Soils

 Excavation Support Recommendations

 Dewatering Methods Recommendations

 Subgrade Preparation Recommendations

 Backfill/Bedding/Junction Box Materials Recommendations

 Potential for Fill Settlement

The geotechnical report, including the geotechnical boring logs, is included in Appendix G.

To assist in this effort, EA utilized existing information to the extent possible, requesting existing boring

data from FIGG, who collected geotechnical information as part of their bridge design in the vicinity of

the storm drain relocation. Additionally, EA evaluated the effect of the future industrial site use by AWI,

including the effect of the large travel cranes on the pipeline. This information was used to refine the

design for the pipe, the evaluation of the pipe loads, the selection of the geosynthetics, backfill and pipe

bedding, and the design of the junction boxes.

2.5 DENSE NON-AQUEOUS PHASE LIQUIDS (DNAPL)

Previous field investigations were conducted by CDM to assess the subsurface geology and determine the

lateral extent of surface and subsurface DNAPL in the area of the Elm Avenue storm drain relocation.

These investigations revealed existing subsurface DNAPL contamination throughout the eastern half of

the AWI property. To minimize the potential for migration of these contaminants, the Elm Avenue storm

drain trench will be lined with an HDPE membrane liner. Excavated soil is considered contaminated and

will be handled in accordance with the requirements set forth in the specifications and transported to

existing Stockpile Area A on the west side of the AWI site. DNAPL, if encountered in soil, will be

excavated and deposited in Stockpile Area A. If DNAPL is encountered in the water from the dewatering

operation, it will be removed by appropriate treatment media. .

Available soil characteristics and water quality data in the vicinity of the proposed storm drain relocation

is provided in Attachment 2 of the Contract Specifications.

2.6 EROSION AND SEDIMENT CONTROL

In accordance with the Virginia Erosion and Sediment Control Regulations and City of Portsmouth

Erosion and Sediment Control Ordinance regulations, localized flooding, offsite migration of sediment,

and stream channel erosion of the existing waterways will be controlled during all land-disturbing

activities through implementation of sediment control devices, methods, and installation procedures set

forth by the regulations. A sequence for the establishment of the erosion and sediment controls is
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provided on the plans in order to describe how and when the controls should be installed and removed in

relationship to construction activities.

Erosion and sediment control for the Elm Avenue Storm Drain Relocation and Groundwater Collection

Trench construction includes two stabilized construction entrances for construction access and silt fence

and temporary diversion dikes for perimeter control. Silt fence will be used along Elm Avenue to provide

sediment control and to direct construction traffic to the stabilized construction entrances. The Contractor

will be responsible for providing access to the river for AWI at all times during construction. Temporary

diversion dikes were chosen in lieu of silt fence because the dikes can be relocated more easily than the

fencing should AWI equipment need to traverse the area during construction. This will provide more

flexibility for the Contractor to provide erosion control around work areas while providing AWI access

across the project site. Temporary diversion dikes will provide clean water diversion and convey offsite

water to rock outlet protection areas prior to discharge. Onsite water will be conveyed via the temporary

diversion dikes to stone outlet structures where sediment will be trapped by the structure and clean water

will be allowed to discharge.

Stormwater bypass of the existing Elm Avenue and Veneer Road storm drains and groundwater

dewatering during trench excavation will be required during the construction process. Provisions for the

treatment of groundwater and surface water runoff are provided in Specification Sections 01 57 13 -

Erosion and Sediment Control and 02 61 13 - Excavation and Handling of Contaminated Materials.

2.7 AMBIENT AIR STANDARDS CALCULATIONS

Air monitoring for both RA and non-RA workers will be conducted during the project when contaminated

material is being excavated, handled, or treated. Ambient air standards (risk-based criteria) for non-RA

workers have been provided to the Contractor in the Specifications. Ambient air standards were

calculated using guidance provided in EPA’s Risk Assessment Guidance for Superfund (RAGS) and

Regional Screening Levels (RSLs) for Superfund Sites (May 2012). Exposure parameters were taken

from the RAGS and RSL guidance, except for site-specific inputs that include target risk and exposure

duration. The calculations were performed with Microsoft Excel 2007 spreadsheets developed by EA and

are based upon the same equations presented for ambient air inhalation exposure in RAGS and the RSLs.

Ambient air standards were calculated for the soil contaminants of concern (COCs) identified in the ROD

(polycyclic aromatic hydrocarbons [PAHs], PCP, arsenic, antimony, iron, and thallium), as well as the

BTEX compounds (benzene, toluene, ethylbenzene, and xylenes) due to their presence in groundwater.

The target risk was set at 1 x 10-5 since all of the PAHs identified in the EPA RSL Table were included in

the calculations. For non-carcinogens, a target of 1.0 was used instead of 0.1 since all of the non-

carcinogenic compounds in soil do not have the same target organ. The exposure duration was assumed to

be 5 months (the anticipated duration of the Elm Avenue Storm Drain and Groundwater Collection

Trench construction activities).

Calculations associated with the ambient air standards are included in Appendix H. Contractor

requirements for air monitoring, including minimum requirements for onsite and perimeter monitoring,

screening levels based on risk, and trigger concentrations for implementing action are provided in the

specifications.
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2.8 REGULATORY CONSIDERATIONS

The following regulations were considered in the production of the Elm Avenue Storm Drain and

Groundwater Collection Trench design:

Virginia Water Protection General Permit Regulation A permit will not be required for the stormwater

management system; however, the substantive requirements of the permit will be met. In accordance with

the regulations, any imported fill material associated with the stormwater management and/or drainage

conveyance systems will be clean and free of contaminants in toxic concentrations or amounts in

accordance with all applicable laws and regulations.

Virginia Pollutant Abatement (VPA) Permit RegulationThis requirement regulates the stormwater

collected from the surface of the site adjacent to the Southern Branch of the Elizabeth River, a state

surface water. This discharge is required to comply with the substantive requirements of the VPA permit

allowing no point source discharge of pollutants to the surface water except in the case of a storm even

greater than the 25-year, 24-hour storm. This remediation is only affecting the discharge point and not

the surface conditions of the existing site. ; This remediation has no impact on the requirements AWI

may currently have for stormwater discharge.

National Pollutant Discharge Elimination System (NPDES), Virginia Pollutant Discharge Elimination

System (VPDES) General Permit Regulation and City of Portsmouth Stormwater Management

OrdinanceNo administrative permitting or review document submissions are required for the

stormwater management system from either the Commonwealth of Virginia or the City of Portsmouth;

however, the substantive requirements of both the general permit and ordinance will be met during

construction activity. In accordance with the regulations, localized flooding and stream channel erosion of

the existing waterways will be controlled by managing the post-development stormwater runoff to the

extent practicable and equal to or better than the pre-development runoff conditions.
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3.0 DRAWINGS AND SPECIFICATIONS

This section provides the lists of drawings and specifications that comprise the Elm Avenue Storm Drain

Relocation and Groundwater Collection Trench RD.

3.1 DESIGN DRAWINGS

The design drawings consist of the following sheets:

Drawing Number Sheet Number Sheet Title

T-1 1 Title Sheet

T-2 2 Index Of Drawings/General/
Notes/Abbreviations/Legend

C-1 3 Site Plan/Key Sheet

C-2 4 Existing Conditions Plan

C-3 5 Demolition Plan

C-4 6 Proposed Conditions Plan

C-5 7 Storm Drain Plan and Profile I

C-6 8 Storm Drain Plan and Profile II

C-7 9 Groundwater Collection Trench Plan and Profile

C-8 10 Storm Drain Sections I

C-9 11 Storm Drain Sections II

C-10 12 Storm Drain Sections III

C-11 13 Storm Drain Details I

C-12 14 Storm Drain Details II

C-13 15 Storm Drain & Groundwater Collection Trench Details

C-14 16 Storm Drain Junction Box 1 Details

C-15 17 Storm Drain Junction Box 2 Details

C-16 18 Storm Drain Junction Box 3 Details

C-17 19 Storm Drain Junction Box 4 Details

ES-1 20 Erosion And Sediment Control Plan

ES-2 21 Erosion And Sediment Control Details

ES-3 22 Erosion And Sediment Control Notes
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3.2 TECHNICAL SPECIFICATIONS

The following is a list of the specifications for the project.

DIVISION 01 – GENERAL REQUIREMENTS

01 11 00 SUMMARY OF WORK

01 31 00 PROJECT MANAGEMENT AND COORDINATION

01 33 00 SUBMITTAL PROCEDURES

01 35 29.13 HEALTH, SAFETY, AND EMERGENCY RESPONSE
PROCEDURES FOR CONTAMINATED SITES

01 35 40 ENVIRONMENTAL MANAGEMENT

01 35 45 CHEMICAL DATA QUALITY CONTROL

01 45 00 QUALITY CONTROL

01 50 00 TEMPORARY CONSTRUCTION FACILITIES AND CONTROLS

01 57 13 EROSION AND SEDIMENT CONTROL

01 77 00 CLOSEOUT PROCEDURES

DIVISION 02 - EXISTING CONDITIONS

02 61 13 EXCAVATION AND HANDLING OF CONTAMINATED
MATERIAL

DIVISION 03 - CONCRETE

03 00 00 CONCRETE

03 11 13 CONCRETE FORMWORK

03 15 13 WATERSTOPS

03 21 00 REINFORCING STEEL

DIVISION 09 - FINISHES

09 97 13.26 COATING OF STEEL PIPE

DIVISION 31 – EARTHWORK

31 00 00 EARTHWORK

31 05 19 GEOSYNTHETICS

31 11 00 CLEARING AND GRUBBING

31 23 19 DEWATERING

DIVISION 33 – UTILITIES

33 40 00 STORM DRAIN AND GROUNDWATER COLLECTION
TRENCH
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4.0 CONSTRUCTION SCHEDULE

EA prepared a Remedial Action Work Plan (RAWP) Addendum to define the construction scope and

schedule. EA received approval of the RAWP Addendum on 19 June 2012, with award to an RA

subcontractor anticipated in mid September 2012. Onsite construction activities are anticipated to begin

mid to late October 2012. Construction is anticipated to last approximately 5 months. The anticipated

construction schedule is shown on Figure 5.
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ID Task Name Duration Start Finish

1 Pre Bid Site Visit 0 days Mon 8/20/12 Mon 8/20/12

2 Bids Received 0 days Mon 9/10/12 Mon 9/10/12

3 Review Bids 3 days Mon 9/10/12 Wed 9/12/12

4 Subcontract Award to RA Subcontractor 6 days Wed 9/12/12 Wed 9/19/12

5 Pre-Construction Meeting 0 days Fri 9/21/12 Fri 9/21/12

6 Pre-Construction Submittals 20 days Fri 9/21/12 Thu 10/18/12

7 Elm Avenue Storm Drain Relocation and Groundwater Collection
Trench Construction

118 days Wed 10/17/12 Fri 3/29/13

8 Mobilization 6 days Mon 10/22/12 Mon 10/29/12

9 Utility Location 8 days Wed 10/17/12 Fri 10/26/12

10 Install Erosion and Sediment Controls 8 days Wed 10/17/12 Fri 10/26/12

11 Storm Drain and Groundwater Collection Trench Construction 108 days Mon 10/29/12 Wed 3/27/13

12 Demobilization 2 days Thu 3/28/13 Fri 3/29/13

13 Contract Closeout 14 days Mon 4/1/13 Thu 4/18/13

8/20

9/10

9/21

7/29 8/5 8/12 8/19 8/26 9/2 9/9 9/16 9/23 9/30 10/7 0/1 0/2 0/2 11/4 1/1 1/1 1/2 12/2 12/9 2/1 2/2 2/3 1/6 1/13 1/20 1/27 2/3 2/10 2/17 2/24 3/3 3/10 3/17 3/24 3/31 4/7 4/14 4/21 4/28 5/5 5
August September October November December January February March April May

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Figure 5
Construction Schedule

Elm Avenue Storm Drain Relocation and Groundwater Collection Trench
Atlantic Wood Industries Superfund Site

Portsmouth, Virginia
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Project: AWI - Phase 2A
Date: Fri 8/10/12
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Hydrologic Calculations

 Hydrologic Calculations - Pre-Development

 Pre-Development Drainage Area Map

 Hydrologic Calculations - Post-Development

 Post-Development Drainage Area Map

 Hydrologic Summary Table
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Hydrologic Calculations
Pre-Development
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Hydrologic Calculations
Post-Development
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Sub Basin
ID

Drainage
Area

(acres)

Runoff
Curve

Number

Time Of
Concentration

(minutes)

2 year
Runoff
(cfs)

5 year
Runoff
(cfs)

10 year
Runoff
(cfs)

25 year
Runoff
(cfs)

50 year
Runoff
(cfs)

100 year
Runoff
(cfs)

EX1 7.34 86 14 16.1 24.8 28.3 34.0 39.8 45.5

EX2 3.15 83 6 7.1 11.2 12.9 15.7 18.5 21.3

EX3 7.96 89 21 16.4 24.6 27.9 33.4 38.9 44.3

EX4 5.16 92 12 13.8 20.0 22.5 26.6 30.6 34.7

EX5 1.56 80 13 2.8 4.6 5.3 6.5 7.8 9.0

EX6 0.36 91 13 0.9 1.3 1.5 1.8 2.1 2.3

N1 3.18 98 9 10.3 14.4 16.0 18.7 21.3 24.0

N2 3.27 98 9 9.5 13.2 14.7 17.2 19.7 22.1

N3 3.47 98 10 9.7 13.6 15.1 17.6 20.1 22.7

N4 2.06 98 6 5.4 7.5 8.3 9.7 11.1 12.5

Table 1 - Post-Development Hydrologic Summary
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Appendix B

Dewatering Calculations

 Dewatering Calculations
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Appendix C

Geomembrane Liner Calculations

 HDPE Chemical Compatibility

 Liner Slope Stability Calculations

 Anchor Trench Calculations

 Geomembrane Puncture Calculations
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Geomembrane Liner Calculations
HDPE Chemical Compatibility
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Geomembrane Liner Calculations
Liner Slope Stability Calculations
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3 Project AWI Remedial Design Project No. 14530.11 

 Subject Liner Slope Stability Sheet No. 1 of 

 

3 

    Drawing No.  

 Computed by 

 

TJP Date 6/19/12 Checked by SMD Date 6/19/12 

 

 

 OBJECTIVE: 

 

Determine the stability of the liner system for the storm drain trench.  

Design the anchor trench to hold the liner system in place and verify the 

tension in the liner system does not exceed its strength. 

 

 

 

See attached calculations 

PROCEDURE: 

 

1)  Calculate the pullout force that would result in anchor trench failure 

based on the trench geometry and soil and geosynthetic properties.  Utilize 

interface friction angles from Geosynthetic Research Institute Report #30, 

"Direct Shear Database of Geosynthetic-to-Geosynthetic and 

Geosynthetic-to-Soil Interfaces," June 14, 2005. 

 

See attached calculations 2)  Calculate the potential tension in the liner system under the condition 

whereby fill has yet to be installed in the trench. The tension is based on 

the weight of the geosynthetic materials.   
 

 3)  Verify that the tension in the liner system does not exceed the pullout 

force for the anchor trench.  Calculate the factor of safety. 

 

Anchor trench pullout force = 70 lb/in 

Liner system tension = 0.2 lb/in 

Factor of safety against liner pullout = 70 / 19 = 350 
 

 

 

 

Minimum allowed in specs 

Minimum allowed in specs 

 

4)  Verify that the tension in the liner system components does not exceed 

the strength of the liner system materials. 

 

Geotextile strength at yield = 330 lb/in 

Liner strength at yield = 126 lb/in 

Liner system tension = 0.2 lb/in 

Factor of safety against geotextile yielding = 330 / 0.2 = 1,650 

Factor of safety against liner yielding = 126 / 0.2= 630 
 

 CONCLUSION: 

 

The trench liner system will be stable before fill is placed in the 

trench. 
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TENSION IN LINER IN STORM DRAIN TRENCH

slope length, L = 15.9 ft 4.846 m

GCL weight = 0 psf

liner density, gL = 0.94 g/cm
3

liner thickness, t = 60 mil

geotextile weight = 32 oz/yd2 (16 oz. geotextiles, 2 each)

Trench Bedding unit weight, gLCS = 120 pcf 18.85 kN/m3

depth of LCS, DLCS = 2.25 ft 0.686 m

length of LCS, LLCS = 0 ft 0 m

lower interface friction angle, d = 21 ° Nonwoven geotextile / subbase

slope, z = 1.5 H:1V

slope, b = 33.69 °

LINER TENSION

TL = 2 lb/ft

0.2 lb/in

0.0 kN/m
where, 
W = weight of liner system and leachate 
collection system on side slope 

 dbb tancossin WTL
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ANCHOR TRENCH PULLOUT FORCE

unit weight of soil, g = 120 pcf 18.85 kN/m3

depth of soil, D = 0 ft Conservative assumption

depth of anchor trench, DA = 2 ft 0.61 m

internal friction angle, f = 26 ° Anchor trench soil

lower interface friction angle, d = 21 ° Nonwoven geotextile / subbase

slope, z = 1.5 H:1V

slope, b = 33.69 °

length of runout, L = 1 ft 0.305 m

normal stress on liner runout, sn = 0 psf 0 kN/m
2

passive pressure in trench, PP = 614.7 lb/ft 8.97 kN/m

active pressure in trench, PA = 93.71 lb/ft 1.368 kN/m

PULLOUT FORCE

FPO = 841 lb/ft

70 lb/in

12.3 kN/m

Reference: Designing with Geosynthetics, 4th edition, Koerner, Robert M., 1998.

dbb

ds

tansincos

tan




 APn

PO

PPL
F
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Geomembrane Liner Calculations
Anchor Trench Calculations
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Project: AWI Remedial Design, Elm Avenue Storm Drain Relocation and Groundwater Collection Trench

Subject: Anchor Trench

Computed by: TJP Checked by: SMD

Unit conversions

12 in = 304.8 mm (Thickness of cover soil)

1 ft = 0.3048 m (Embedment length)

2 ft = 0.6096 m (Depth of anchor trench)

115 pcf = 18.0665 kN/m^3 (Soil unit weight)

60 mil = 1.524 mm (Thickness of geomembrane)

2200 psi = 15168.34 kPa (Allowable stress in geomembrane)

Assumptions

1. Friction angle of subgrade is 22 degrees (high plasticity soils)

2. Friction angle of low permeability gravel is 40 degrees (well graded gravel)

3. Friction angle of compacted material installed within anchor trench is 35 degrees

4. Allowable stress in HDPE geomembrane is 2200 psi per Inherent Properties of Polyethylene Liners 

listed under specifications by Poly-Flex, Inc.
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landfilldesign.com

Design Calculator

Anchor Trench

Anchorage is designed to prevent wind and water from moving under the geomembrane; it is not designed to allow geomembranes to be tensioned. The anchor trench design
should allow pullout of the geomembrane before tension failure. This is directly reflected in the anchorage ratio:

AR Anchorage Ratio

TGM allow Allowable geomembrane tension from ASTM D3886

TAT allow Allowable concrete anchor trench  tension from analytic model

Anchorage Ratio > 1 Geomembrane pull-out mode controls

Anchorage Ratio = 1 Balanced Design

Anchorage Ratio < 1 Geomembrane tension rupture mode controls
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 Figure 1- Cross section of anchor trench section and related stresses and forces involved

Note that the factor of safety is placed on the geomembrane force T, which is used as an allowable value.

σallow The allowable geomembrane stress

t The geomembrane thickness

σult The ultimate geomembrane stress, e.g., yield or break

TATallow Allowable anchor trench tension

γAT Soil unit weight

dAT Depth of the anchor trench

d Thickness of the cover soil

L Embedment length

δL FML / soil friction angle (below geomembrane)

δU Cover soil / geomembrane friction angle (above geomembrane)

Φ Soil internal friction angle

β Side slope angle

Kp Coefficient of passive earth pressure = tan2(45o+Φ/2)

Ka Coefficient of active earth pressure = tan2(45o-Φ/2)

FS The factor of safety for geomembrane against tension response

FUσ
Shear force above geomembrane due to cover soil (for thin cover soils tensile cracking will
occur and this value will then be negligible)

FLσ Shear force below the geomembrane due to cover soil

FLT Shear force below geomembrane due to vertical component of Tallow

σn Applied normal stress from the cover soil

Geometry

Side slope angle (β) 33.69   degrees

Thickness of the cover soil (d) 304.8 mm

Embedment length (L) .3048 m

Depth of the anchor trench (dAT) .6096 mm

Soil Properties

FML / soil friction angle (δL) 22 degrees

Cover soil / FML friction angle (δU) 40 degrees

Soil friction angle (Φ) 35 degrees

Soil unit weight (γ) 18.81 kN/m3

Geomembrane  Properties

Thickness geomembrane (t) 1.524 mm

Allowable stress in geomembrane (σallow ) 15168 kPa 

Calculate  
 

Allowable anchor tension 18.86 kN/m

Allowable geomembrane tension 23.12 kN/m

Anchorage ratio 1.23
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Copyright 2010 Advanced Geotech Systems.  All rights reserved.a

 

"Designing with Geosynthetics". R.M. Koerner, Prentice Hall Publishing Co., Englewood Cliffs, NJ, 1998.

"Geosynthetic Design Guidance for Hazardous Waste Landfill Cells and Surface Impoundments", G. N. Richardson and R. M. Koerner, 1987.
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Project: AWI Remedial Design, Elm Avenue Storm Drain Relocation and Groundwater Collection Trench

Subject: Safety Factor Against Geomembrane Puncture

Computed by: TJP Checked by: SMD

Unit conversions

16 oz = 453.59 g

1 sy = 0.83613 m^2

16 oz/sy = 542.4874 g/m^2 (Geotextile mass per unit area)

11.6 ft = 3.53568 m (Depth of material on top of geomembrane)

115 pcf = 18.0665 kN/m^3 (Unit weight of select fill material within Triple Pipe Trench)

182.6816 pcf = 28.69927 kN/m^3 (Unit weight of area within Triple Pipe Trench occupied by RCP)

119.7377 pcf = 18.81079 kN/m^3 (Adjusted unit weight to account for weight of RCP)

Assumptions

1. Modification factor for protrusion shape is 0.5 (subround)

2. Modification factor for packing density is 0.83 (Dense)

3. Modification factor for arching in solids is 1.0 (Hydrostatic)

4. Modification factor for long-term creep is 1.5

5. Modification factor for chemical/biological degradation is 1.1 (Mild leachate)



6/18/12 landfilldesign.com - Safety Factor Against Geomembrane Puncture Calculator
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landfilldesign.com

Design Calculator

Safety Factor Against Geomembrane Puncture

There are many circumstances where geomembranes are placed on or beneath soils containing relatively large-sized stones. For example, poorly prepared soil subgrade with
stones protruding from the surface, and cases where crushed-stoned drainage layers are to be placed above the geomembrane.

In all of these situations, a nonwoven needle-punched geotextile can provide significant puncture protection to the geomembrane. The issue of determining the required mass per
unit area of the geotextile becomes critical.

The method presented herein (Koerner, 1998) focuses on the protection of 1.5 mm thick HDPE geomembranes. The method uses the design by function approach.

 

FS factor of safety against geomembrane puncture

Pact actual pressure due to the landfill contents or surface impoundment

Pallow allowable pressure using different types of geotextiles and site specific conditions.

pallow  is determined by the following equation:

 

 

Symbol Name Unit

Pallow allowable pressure kPa

M geotextile mass per unit area g/m2

H height of the protrusion above the subgrade m

MFS modification factor for protrusion shape -

MFPD modification factor for packing density -

MFA modification factor for arching in solids -

RFCR reduction factor for long-term creep -

RFCBD reduction factor for long-term chemical/biological degradation -

pallow  is determined by Modification Factors and Reduction Factors for Geomembrane Protection Design Using Nonwoven Needle-Punched Geotextile

MFS  MFPD  MFA  

Angular: 1.0 Isolated 1.0 Hydrostatic 1.0

Subrounded: 0.5 Dense, 38 mm 0.83 Geostatic, shallow 0.75

Rounded: 0.25 Dense, 25 mm 0.67 Geostatic, mod. 0.50

  Dense, 12mm 0.50 Geostatic, deep 0.25

RFCBD

RFCR

 
38 25 12

Mild leachate 1.1 Geomembrane alone N/R N/R N/R

Moderate leachate 1.3 270 N/R N/R >1.5

Harsh leachate 1.5 550 N/R 1.5 1.3

1100 1.3 1.2 1.1

>1100 1.2 1.1 1.0
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Copyright 2010 Advanced Geotech Systems.  All rights reserved.a

N/R = Not Recommended

M 542.49   Geotextile mass per unit area (g/m2)

d 3.53   depth of material on top of geomembrane (m)

 18.81   Unit weight of material on top of geomembrane (kN/m3)

H 0.025   Protrusion height (m)

Modification and Reduction Factors

MFS 0.5   

MFPD .83   

MFA 1.0   

RFCR 1.5   

RFCBD 1.1   

Calculate

Factor of Safety against Geomembrane Puncture: 9.69

 

Wilson-Fahmy, R.F., Narejo, D. and Koerner, R.M. (1996), "Puncture Protection of Geomembranes Part I: Theory", Geosynthetics International, Vol. 3, No. 5, pp. 605-628.

Narejo, D. and Koerner, R.M. and Wilson-Fahmy, R.F., (1996), "Puncture Protection of Geomembranes Part II: Experimental", Geosynthetics International, Vol. 3, No. 5, pp.
629-653.

Koerner, R.M., Wilson-Fahmy, R.F. and Narejo, D. (1996), "Puncture Protection of Geomembranes Part III: Examples", Geosynthetics International, Vol. 3, No. 5 pp. 655-675.

Koerner, R.M. (1998), Designing with Geosynthetics, Prentice Hall Publishing Co., Englewood Cliffs, NJ.



 

 

 

 

 

 

 

 

 

 

 

 

 

THIS PAGE INTENTIONALLY LEFT BLANK 



Elm Avenue Storm Drain Relocation and Groundwater Collection Trench Final Remedial Design Report

AWI Superfund Site, Portsmouth, VA Revision: 01

Appendix D

Storm Drain Calculations

 Junction Box Calculations

 Storm Drain Loading Calculations

 Storm Drain Buoyancy Calculations
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Appendix E

Hydraulic Calculations

 Hydraulic Calculations - Pre-Development

 Hydraulic Calculations - Post-Development

 Post-Development Model Schematic

 Hydraulic Summary Table
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Hydraulic Calculations
Pre-Development
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HEC-RAS Version 4.1.0 Jan 2010
U.S. Army Corps of Engineers
Hydrologic Engineering Center

609 Second Street
Davis, California

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X
X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X XXXXXX XXXX X X X X XXXXX

********************************************************************************

PROJECT DATA
Project Title: Elm_Ave_Drainage
Project File : EASDR_Pre.prj
Run Date and Time: 6/19/2012 3:40:16 PM

Project in English units

********************************************************************************

PLAN DATA

Plan Title: MHW boundary condition
Plan File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.p04

Geometry Title: Existing
Geometry File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.g01

Flow Title : MHW boundary condition
Flow File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.f04

Plan Summary Information:
Number of: Cross Sections = 15 Multiple Openings = 0

Culverts = 0 Inline Structures = 0
Bridges = 0 Lateral Structures = 0

Computational Information
Water surface calculation tolerance = 0.01
Critical depth calculation tolerance = 0.01
Maximum number of iterations = 20
Maximum difference tolerance = 0.3
Flow tolerance factor = 0.001

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Subcritical Flow

********************************************************************************

FLOW DATA

Flow Title: MHW boundary condition
Flow File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.f04

Flow Data (cfs)
*************************************************************
* River Reach RS * 10 year *
* Elm_Ave 1 2101 * 9 *
* Elm_Ave 1 1260 * 33 *
* Elm_Ave 1 768 * 100 *



*************************************************************

Boundary Conditions
************************************************************************************************
********
* River Reach Profile * Upstream
Downstream *
************************************************************************************************
********
* Elm_Ave 1 10 year * Known WS = 1.17 *
************************************************************************************************
********

********************************************************************************

SUMMARY OF MANNING'S N VALUES

River:Elm_Ave
***********************************************************************************************
* Reach * River Sta. * n1 * n2 * n3 * n4 * n5 * n6 *
***********************************************************************************************
*1 * 2101 * .012* * * * * *
*1 * 1997 * .03* .012* .03* .012* .03* *
*1 * 1890 * .03* .012* .03* * * *
*1 * 1770 * .03* .012* .03* * * *
*1 * 1671 * .012* .03* .012* .03* * *
*1 * 1546 * .012* .03* .012* .03* * *
*1 * 1423 * .012* .03* .012* .03* * *
*1 * 1260 * .012* .03* .12* .03* * *
*1 * 1118 * .012* .03* .012* .03* * *
*1 * 995 * .012* .03* .012* .03* .012* .03*
*1 * 883 * .012* .03* .012* .03* * *
*1 * 768 * .012* .03* .012* * * *
*1 * 707 * .03* .035* .015* .035* .03* *
*1 * 531 * .03* .015* .03* .015* .03* *
*1 * 110 * .035* .05* .03* .015* .03* *
***********************************************************************************************

********************************************************************************

SUMMARY OF REACH LENGTHS

River: Elm_Ave
*****************************************************************
* Reach * River Sta. * Left * Channel * Right *
*****************************************************************
*1 * 2101 * 103.96* 103.57* 102.04*
*1 * 1997 * 106.06* 106.67* 109.68*
*1 * 1890 * 120.81* 120.31* 117.13*
*1 * 1770 * 101.97* 98.65* 97.53*
*1 * 1671 * 127.87* 125.5* 130.26*
*1 * 1546 * 125.55* 122.82* 119.81*
*1 * 1423 * 165.27* 163.34* 162.38*
*1 * 1260 * 143.68* 141.76* 144.67*
*1 * 1118 * 122.75* 123.21* 121.97*
*1 * 995 * 109.54* 111.4* 108.53*
*1 * 883 * 104.72* 115.02* 107.96*
*1 * 768 * 64.5* 60.9* 83.63*
*1 * 707 * 176.82* 176.25* 178.43*
*1 * 531 * 450.51* 421.47* 390.96*
*1 * 110 * 131.05* 109.72* 89.89*
*****************************************************************



Profile Output Table - Standard Table 2
************************************************************************************************
***********************************************
* Reach * River Sta * Profile * E.G. Elev * W.S. Elev * Vel Head * Frctn Loss * C & E
Loss * Q Left * Q Channel * Q Right * Top Width *
* * * * (ft) * (ft) * (ft) * (ft) *
(ft) * (cfs) * (cfs) * (cfs) * (ft) *
************************************************************************************************
***********************************************
* 1 * 2101 * 10 year * 8.17 * 8.13 * 0.03 * 0.00 *
0.01 * * 0.04 * 8.96 * 95.55 *
* 1 * 1997 * 10 year * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 1.60 * 7.40 * 224.13 *
* 1 * 1890 * 10 year * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 2.27 * 6.73 * 237.40 *
* 1 * 1770 * 10 year * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 2.94 * 6.06 * 266.91 *
* 1 * 1671 * 10 year * 7.75 * 7.73 * 0.02 * 0.38 *
0.00 * 0.00 * 8.95 * 0.04 * 61.55 *
* 1 * 1546 * 10 year * 7.38 * 7.31 * 0.07 * 0.10 *
0.02 * * 3.64 * 5.36 * 38.36 *
* 1 * 1423 * 10 year * 6.81 * 6.80 * 0.01 * 0.22 *
0.00 * * 9.00 * * 44.72 *
* 1 * 1260 * 10 year * 6.58 * 6.56 * 0.02 * 0.47 *
0.00 * * 5.82 * 27.18 * 105.59 *
* 1 * 1118 * 10 year * 6.11 * 6.08 * 0.03 * 0.83 *
0.01 * * * 33.00 * 92.45 *
* 1 * 995 * 10 year * 5.27 * 5.17 * 0.10 * 0.43 *
0.02 * * 28.66 * 4.34 * 67.18 *
* 1 * 883 * 10 year * 4.77 * 4.75 * 0.02 * 0.30 *
0.01 * * 33.00 * * 78.67 *
* 1 * 768 * 10 year * 4.45 * 4.34 * 0.11 * 0.27 *
0.04 * 83.89 * 16.11 * * 165.37 *
* 1 * 707 * 10 year * 3.24 * 2.78 * 0.47 * 0.89 *
0.08 * * 100.00 * * 19.78 *
* 1 * 531 * 10 year * 1.82 * 1.62 * 0.21 * 0.00 *
0.06 * * 100.00 * * 65.94 *
* 1 * 110 * 10 year * 1.17 * 1.17 * 0.00 * *
* * 100.00 * * 432.36 *
************************************************************************************************
***********************************************
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609 Second Street
Davis, California

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X
X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X XXXXXX XXXX X X X X XXXXX

********************************************************************************

PROJECT DATA
Project Title: Elm_Ave_Drainage
Project File : EASDR_Pre.prj
Run Date and Time: 6/19/2012 3:46:17 PM

Project in English units

********************************************************************************

PLAN DATA

Plan Title: MLW boundary condition
Plan File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.p05

Geometry Title: Existing
Geometry File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.g01

Flow Title : MLW boundary condition
Flow File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.f03

Plan Summary Information:
Number of: Cross Sections = 15 Multiple Openings = 0

Culverts = 0 Inline Structures = 0
Bridges = 0 Lateral Structures = 0

Computational Information
Water surface calculation tolerance = 0.01
Critical depth calculation tolerance = 0.01
Maximum number of iterations = 20
Maximum difference tolerance = 0.3
Flow tolerance factor = 0.001

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Subcritical Flow

********************************************************************************

FLOW DATA

Flow Title: MLW boundary condition
Flow File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.f03

Flow Data (cfs)
*************************************************************
* River Reach RS * 10 year *
* Elm_Ave 1 2101 * 9 *
* Elm_Ave 1 1260 * 33 *
* Elm_Ave 1 768 * 100 *



*************************************************************

Boundary Conditions
************************************************************************************************
********
* River Reach Profile * Upstream
Downstream *
************************************************************************************************
********
* Elm_Ave 1 10 year * Known WS = -1.69 *
************************************************************************************************
********

********************************************************************************

SUMMARY OF MANNING'S N VALUES

River:Elm_Ave
***********************************************************************************************
* Reach * River Sta. * n1 * n2 * n3 * n4 * n5 * n6 *
***********************************************************************************************
*1 * 2101 * .012* * * * * *
*1 * 1997 * .03* .012* .03* .012* .03* *
*1 * 1890 * .03* .012* .03* * * *
*1 * 1770 * .03* .012* .03* * * *
*1 * 1671 * .012* .03* .012* .03* * *
*1 * 1546 * .012* .03* .012* .03* * *
*1 * 1423 * .012* .03* .012* .03* * *
*1 * 1260 * .012* .03* .12* .03* * *
*1 * 1118 * .012* .03* .012* .03* * *
*1 * 995 * .012* .03* .012* .03* .012* .03*
*1 * 883 * .012* .03* .012* .03* * *
*1 * 768 * .012* .03* .012* * * *
*1 * 707 * .03* .035* .015* .035* .03* *
*1 * 531 * .03* .015* .03* .015* .03* *
*1 * 110 * .035* .05* .03* .015* .03* *
***********************************************************************************************

********************************************************************************

SUMMARY OF REACH LENGTHS

River: Elm_Ave
*****************************************************************
* Reach * River Sta. * Left * Channel * Right *
*****************************************************************
*1 * 2101 * 103.96* 103.57* 102.04*
*1 * 1997 * 106.06* 106.67* 109.68*
*1 * 1890 * 120.81* 120.31* 117.13*
*1 * 1770 * 101.97* 98.65* 97.53*
*1 * 1671 * 127.87* 125.5* 130.26*
*1 * 1546 * 125.55* 122.82* 119.81*
*1 * 1423 * 165.27* 163.34* 162.38*
*1 * 1260 * 143.68* 141.76* 144.67*
*1 * 1118 * 122.75* 123.21* 121.97*
*1 * 995 * 109.54* 111.4* 108.53*
*1 * 883 * 104.72* 115.02* 107.96*
*1 * 768 * 64.5* 60.9* 83.63*
*1 * 707 * 176.82* 176.25* 178.43*
*1 * 531 * 450.51* 421.47* 390.96*
*1 * 110 * 131.05* 109.72* 89.89*
*****************************************************************



Profile Output Table - Standard Table 2
************************************************************************************************
***********************************************
* Reach * River Sta * Profile * E.G. Elev * W.S. Elev * Vel Head * Frctn Loss * C & E
Loss * Q Left * Q Channel * Q Right * Top Width *
* * * * (ft) * (ft) * (ft) * (ft) *
(ft) * (cfs) * (cfs) * (cfs) * (ft) *
************************************************************************************************
***********************************************
* 1 * 2101 * 10 year * 8.17 * 8.13 * 0.03 * 0.00 *
0.01 * * 0.04 * 8.96 * 95.55 *
* 1 * 1997 * 10 year * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 1.60 * 7.40 * 224.13 *
* 1 * 1890 * 10 year * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 2.27 * 6.73 * 237.40 *
* 1 * 1770 * 10 year * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 2.94 * 6.06 * 266.91 *
* 1 * 1671 * 10 year * 7.75 * 7.73 * 0.02 * 0.38 *
0.00 * 0.00 * 8.95 * 0.04 * 61.55 *
* 1 * 1546 * 10 year * 7.38 * 7.31 * 0.07 * 0.10 *
0.02 * * 3.64 * 5.36 * 38.36 *
* 1 * 1423 * 10 year * 6.81 * 6.80 * 0.01 * 0.22 *
0.00 * * 9.00 * * 44.72 *
* 1 * 1260 * 10 year * 6.58 * 6.56 * 0.02 * 0.47 *
0.00 * * 5.82 * 27.18 * 105.59 *
* 1 * 1118 * 10 year * 6.11 * 6.08 * 0.03 * 0.83 *
0.01 * * * 33.00 * 92.45 *
* 1 * 995 * 10 year * 5.27 * 5.17 * 0.10 * 0.43 *
0.02 * * 28.66 * 4.34 * 67.18 *
* 1 * 883 * 10 year * 4.77 * 4.75 * 0.02 * 0.30 *
0.01 * * 33.00 * * 78.67 *
* 1 * 768 * 10 year * 4.45 * 4.34 * 0.11 * 0.27 *
0.04 * 83.89 * 16.11 * * 165.37 *
* 1 * 707 * 10 year * 3.24 * 2.78 * 0.47 * 0.89 *
0.08 * * 100.00 * * 19.78 *
* 1 * 531 * 10 year * 1.82 * 1.62 * 0.21 * 2.11 *
0.03 * * 100.00 * * 65.94 *
* 1 * 110 * 10 year * -0.69 * -0.79 * 0.10 * *
* * 100.00 * * 205.90 *
************************************************************************************************
***********************************************
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HEC-RAS Version 4.1.0 Jan 2010
U.S. Army Corps of Engineers
Hydrologic Engineering Center

609 Second Street
Davis, California

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X
X X X X X X X X X
XXXXXXX XXXX X XXX XXXX XXXXXX XXXX
X X X X X X X X X
X X X X X X X X X X
X X XXXXXX XXXX X X X X XXXXX

********************************************************************************

PROJECT DATA
Project Title: Elm_Ave_Drainage
Project File : EASDR_Pre.prj
Run Date and Time: 6/19/2012 3:47:12 PM

Project in English units

********************************************************************************

PLAN DATA

Plan Title: MSL boundary condition
Plan File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.p06

Geometry Title: Existing
Geometry File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.g01

Flow Title : MSL boundary condition
Flow File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.f05

Plan Summary Information:
Number of: Cross Sections = 15 Multiple Openings = 0

Culverts = 0 Inline Structures = 0
Bridges = 0 Lateral Structures = 0

Computational Information
Water surface calculation tolerance = 0.01
Critical depth calculation tolerance = 0.01
Maximum number of iterations = 20
Maximum difference tolerance = 0.3
Flow tolerance factor = 0.001

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Subcritical Flow

********************************************************************************

FLOW DATA

Flow Title: MSL boundary condition
Flow File : l:\Non Dod\AWI CAD\Phase 2\HYD\EASDR\EASDR_Pre.f05

Flow Data (cfs)
*************************************************************
* River Reach RS * 10yr *
* Elm_Ave 1 2101 * 9 *
* Elm_Ave 1 1260 * 33 *
* Elm_Ave 1 768 * 100 *



*************************************************************

Boundary Conditions
************************************************************************************************
********
* River Reach Profile * Upstream
Downstream *
************************************************************************************************
********
* Elm_Ave 1 10yr * Known WS = -0.25 *
************************************************************************************************
********

********************************************************************************

SUMMARY OF MANNING'S N VALUES

River:Elm_Ave
***********************************************************************************************
* Reach * River Sta. * n1 * n2 * n3 * n4 * n5 * n6 *
***********************************************************************************************
*1 * 2101 * .012* * * * * *
*1 * 1997 * .03* .012* .03* .012* .03* *
*1 * 1890 * .03* .012* .03* * * *
*1 * 1770 * .03* .012* .03* * * *
*1 * 1671 * .012* .03* .012* .03* * *
*1 * 1546 * .012* .03* .012* .03* * *
*1 * 1423 * .012* .03* .012* .03* * *
*1 * 1260 * .012* .03* .12* .03* * *
*1 * 1118 * .012* .03* .012* .03* * *
*1 * 995 * .012* .03* .012* .03* .012* .03*
*1 * 883 * .012* .03* .012* .03* * *
*1 * 768 * .012* .03* .012* * * *
*1 * 707 * .03* .035* .015* .035* .03* *
*1 * 531 * .03* .015* .03* .015* .03* *
*1 * 110 * .035* .05* .03* .015* .03* *
***********************************************************************************************

********************************************************************************

SUMMARY OF REACH LENGTHS

River: Elm_Ave
*****************************************************************
* Reach * River Sta. * Left * Channel * Right *
*****************************************************************
*1 * 2101 * 103.96* 103.57* 102.04*
*1 * 1997 * 106.06* 106.67* 109.68*
*1 * 1890 * 120.81* 120.31* 117.13*
*1 * 1770 * 101.97* 98.65* 97.53*
*1 * 1671 * 127.87* 125.5* 130.26*
*1 * 1546 * 125.55* 122.82* 119.81*
*1 * 1423 * 165.27* 163.34* 162.38*
*1 * 1260 * 143.68* 141.76* 144.67*
*1 * 1118 * 122.75* 123.21* 121.97*
*1 * 995 * 109.54* 111.4* 108.53*
*1 * 883 * 104.72* 115.02* 107.96*
*1 * 768 * 64.5* 60.9* 83.63*
*1 * 707 * 176.82* 176.25* 178.43*
*1 * 531 * 450.51* 421.47* 390.96*
*1 * 110 * 131.05* 109.72* 89.89*
*****************************************************************



Profile Output Table - Standard Table 2
************************************************************************************************
***********************************************
* Reach * River Sta * Profile * E.G. Elev * W.S. Elev * Vel Head * Frctn Loss * C & E
Loss * Q Left * Q Channel * Q Right * Top Width *
* * * * (ft) * (ft) * (ft) * (ft) *
(ft) * (cfs) * (cfs) * (cfs) * (ft) *
************************************************************************************************
***********************************************
* 1 * 2101 * 10yr * 8.17 * 8.13 * 0.03 * 0.00 *
0.01 * * 0.04 * 8.96 * 95.55 *
* 1 * 1997 * 10yr * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 1.60 * 7.40 * 224.13 *
* 1 * 1890 * 10yr * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 2.27 * 6.73 * 237.40 *
* 1 * 1770 * 10yr * 7.76 * 7.76 * 0.00 * 0.00 *
0.00 * * 2.94 * 6.06 * 266.91 *
* 1 * 1671 * 10yr * 7.75 * 7.73 * 0.02 * 0.38 *
0.00 * 0.00 * 8.95 * 0.04 * 61.55 *
* 1 * 1546 * 10yr * 7.38 * 7.31 * 0.07 * 0.10 *
0.02 * * 3.64 * 5.36 * 38.36 *
* 1 * 1423 * 10yr * 6.81 * 6.80 * 0.01 * 0.22 *
0.00 * * 9.00 * * 44.72 *
* 1 * 1260 * 10yr * 6.58 * 6.56 * 0.02 * 0.47 *
0.00 * * 5.82 * 27.18 * 105.59 *
* 1 * 1118 * 10yr * 6.11 * 6.08 * 0.03 * 0.83 *
0.01 * * * 33.00 * 92.45 *
* 1 * 995 * 10yr * 5.27 * 5.17 * 0.10 * 0.43 *
0.02 * * 28.66 * 4.34 * 67.18 *
* 1 * 883 * 10yr * 4.77 * 4.75 * 0.02 * 0.30 *
0.01 * * 33.00 * * 78.67 *
* 1 * 768 * 10yr * 4.45 * 4.34 * 0.11 * 0.27 *
0.04 * 83.89 * 16.11 * * 165.37 *
* 1 * 707 * 10yr * 3.24 * 2.78 * 0.47 * 0.89 *
0.08 * * 100.00 * * 19.78 *
* 1 * 531 * 10yr * 1.82 * 1.62 * 0.21 * 0.09 *
0.06 * * 100.00 * * 65.94 *
* 1 * 110 * 10yr * -0.24 * -0.25 * 0.01 * *
* * 100.00 * * 291.33 *
************************************************************************************************
***********************************************
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Hydraulic Calculations
Post-Development
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SD Junction

Box 1

SD Junction

Box 2

SD Junction

Box 3

SD Junction

Box 4

Veneer Road

Curb Inlet

Rim Elevation 9.50 5.42 4.75 4.47 4.24

100year-24hour 1.57 3.69 4.32 4.47 4.24 130.0

50year-24hour 1.53 3.52 4.13 4.47 4.24 124.0

25year-24hour 1.49 3.32 3.94 4.47 4.24 115.6

10year-24hour 1.44 3.05 3.61 3.81 3.98 106.5

5year-24hour 1.40 2.79 3.28 3.44 3.57 98.2

2year-24hour 1.27 1.85 2.03 2.09 2.16 64.7

100year-24hour 0.25 3.07 3.96 4.47 4.24 145.5

50year-24hour 0.20 2.82 3.71 4.47 4.24 137.0

25year-24hour 0.11 2.30 3.08 3.35 3.56 123.0

10year-24hour 0.02 1.60 2.14 2.30 2.43 106.7

5year-24hour -0.01 1.41 1.77 1.91 2.09 101.1

2year-24hour -0.10 0.62 0.76 0.89 1.69 79.1

100year-24hour -0.72 2.59 3.71 4.47 4.24 154.1

50year-24hour -0.86 1.91 2.92 3.28 3.54 139.2

25year-24hour -0.92 1.28 1.92 2.16 2.39 132.5

10year-24hour -1.00 0.90 1.41 1.67 2.06 124.4

5year-24hour -1.08 0.64 1.24 1.49 1.94 116.0

2year-24hour -1.40 -0.23 0.63 0.82 1.69 78.9

Table 1 - Hydraulic Modeling Summary

Maximum

Discharge at Outlet

(cfs)

* - Shaded values represent storm drain junctions functioning under flooded conditions.

Mean High Water

(MHW)

1.17 NAVD88

Mean Sea Level (MSL)

-0.25 NAVD88

Mean Low Water

(MLW)

-1.69 NAVD88

Maximum Hydraulic Grade Elevation
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Appendix F

Groundwater Analysis

 Groundwater Model

 Groundwater Treatment Structures Technical Memo
 Mixing Zone
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Groundwater Model
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Figure 3 – Groundwater Flow Directions for Groundwater Trench at Elev. +1.5

Groundwater flow directions (blue arrows) in a modeled scenario with the OSPW (red line), dredged material cap
(thick black line), trees for hydraulic control (yellow dots), and a groundwater trench at elevation +1.5 ft NAVD88
(green line just west of the dredged material cap). The yellow-shaded area shows the approximate area of
groundwater that flows into the trench.

Figure 4 – Groundwater Flow Cross-Section for Groundwater Trench at Elev. +1.5

(NOTE: Vertical scale is exaggerated for display purposes.)

Model cross-section showing flow into the groundwater collection trench (shown as upward arrows along the
trench) at elevation +1.5 ft, indicating that no water passes under the trench. Black polygon to the right (east) of the
trench is the dredged material cap.



Figure 5 – Groundwater Flow Directions for Groundwater Trench at Elev. 0

Groundwater flow directions (blue arrows) in a modeled scenario with the OSPW (red line), dredged material cap
(thick black line), trees for hydraulic control (yellow dots), and a groundwater trench at elevation 0.0 ft (green line
just west of the dredge cap). The yellow-shaded area shows the approximate area of groundwater that flows into the
trench.

Figure 6 – Groundwater Flow Cross-Section for Groundwater Trench at Elev. 0

(NOTE: Vertical scale is exaggerated for display purposes.)

Model cross-section showing flow into the groundwater collection trench (shown as upward arrows along the
trench) at elevation 0 ft, indicating that no water passes under the trench. Black polygon to the right (east) of the
trench is the dredged material cap.
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TECHNICAL MEMORANDUM

AWI Superfund Site − Phase 2 Remedial Design Portsmouth, VA 
Groundwater Treatment – Pre-Final 22 March 2012

1

EA Engineering,

Science, and Technology

Project: Atlantic Wood Industries (AWI) Superfund Site – Remedial Design
Topic: Groundwater Treatment Structures

Pre-Final Design Technical Memorandum
Date: 22 March 2012

EA Engineering, Science, and Technology, Inc. (EA) has prepared this Groundwater Treatment Structures

Pre-Final Design Technical Memorandum (TM) for the design of the future groundwater treatment vaults

which may be required to treat groundwater from the groundwater collection trench prior to discharge to

the Elizabeth River.

The Preliminary Design included a flat, stone trench to collect and convey groundwater. This design was

based on a modeling effort performed as part of the preliminary submittal in December 2011. This

modeling effort, described in the Preliminary BOD, resulted in an estimated maximum groundwater flow

of 5 gallons per minute (gpm) through the trench. This water will be collected in a 6-inch HDPE pipe and

conveyed to the treatment portion of the design.

The Preliminary Basis of Design included two vaults for possible groundwater treatment and monitoring,

placed in series. The intent was that these vaults would contain passive treatment media in order to

minimize operations and maintenance efforts and costs.

For the Pre-Final Design it was further determined that one treatment media would likely be required for

organics removal and one treatment media would be required for metals removal. Effort for this design

submittal included attempting to determine which of the treatment methods outlined in the Groundwater

Alternatives Analysis would be most feasible, and if the vaults, which were not sized in the Preliminary

design, could be sized for organics and metals treatment based on such a media selection. The design was

modified to include valve vaults to control flow into each of the treatment vaults. Influent and effluent

elevations for each treatment vault were determined based on the placement of the trench (+1 ft NAVD

88) and the elevation of the discharge into Stormwater Junction Box 1 (-1.77 ft NAVD 88). Figure 1

provides a plan view of the proposed groundwater treatment vaults with discharge to Stormwater Junction

Box 1. The discharge to Stormwater Junction Box 1 is to have a 6-inch pinch/tidal valve which is to

prevent back flow into the groundwater management system when elevations within the Stormwater

Junction Box 1 are greater than -1.77 ft NAVD88.

In order to accurately size the groundwater treatment vaults, the existing groundwater data were

evaluated. During the evaluation, only the data from the wells in the trench watershed were considered,

since only the water in that area would be flowing through the groundwater collection trench and directed

to the treatment vaults. Effluent criteria were assumed to be equal to Virginia Water Quality Standards

Surface Water Discharge Limits and/or Hampton Roads Sanitation District, whichever is more stringent.

During the evaluation of groundwater chemistry data, the groundwater treatment vault for the organics

was conservatively sized based on preliminary information using granular activated carbon. The



TECHNICAL MEMORANDUM

AWI Superfund Site − Phase 2 Remedial Design Portsmouth, VA 
Groundwater Treatment – Pre-Final 22 March 2012

2

EA Engineering,

Science, and Technology

groundwater treatment vault was sized to hold what was estimated to be sufficient media to reduce media

maintenance and change-out (Figure 2). Valve vaults were placed before and after the groundwater

treatment vault with gate valves to discontinue flow during periods of maintenance (Figure 3).

The groundwater treatment vault for the metals was not sized. Virginia’s mixing zone requirements

(9VAC25-260-20) for a discharge to estuarine waters were first reviewed and discharge was modeled to

determine if the result of the mixing zone would allow for the metals to not undergo separate treatment.

Dilution factors were determined for several scenarios, including only collected groundwater discharge

and combined stormwater/groundwater discharge and are included as Attachment 1. Mixing zones may

be used in the NPDES process to calculate end-of-pipe permit limits to ensure protection of resident

aquatic life. More specifically, the dilution factors determined using state mixing zone guidance are used

in combination with numeric ambient water quality standards to calculate end-of-pipe permit limits

(9VAC25-260-20). As an example, Virginia DEQ’s acute and chronic ambient water quality criteria

(WQC) for copper in estuarine waters are 9.3 µg/L and 6.0 µg/L, respectively. If, for example, a mixing

zone dilution factor of 5.4 can be supported, then end-of-pipe permit limits for copper could be 50.2 µg/L

as a daily maximum and 32.4 µg/L as a monthly average. Similar benefits could be obtained for other

regulated chemical constituents in the discharge (Permit Limit = WQC x DF). It will be important to

discuss the use of mixing zones with VDEQ permitting staff to determine the Department’s acceptance

given the variable and intermittent discharge conditions at the AWI site. The outcome of that discussion

could substantively affect facility-specific wastewater treatment requirements.

Due to the number of constituents and the range of concentrations associated with historical monitoring

data, it was determined that the volume and frequency of media replacement to treat groundwater at the

site effectively could not be determined. While the treatment methods identified in the Alternatives

Analysis are all viable methods for treating contaminants such as are present at AWI, further analysis is

required to determine the most feasible method, and to estimate treatment media volume needed.

Therefore, the future valve vaults are not included in the design documents for the Elm Avenue

Storm Drain Relocation.
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EA Engineering,
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Attachment 1

Mixing Zone Calculations
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Mixing Zone Calculations for Atlantic Wood Industries (AWI) Superfund Site

The proposed discharge for the site consists of three 42 inch (3.5 ft) pipes. The top of the pipes are 0.25

ft below mean sea level (MSL). At mean low water (MLW), 1.19 ft of the pipes would be exposed. The

discharge will be placed at a shoreline bulkhead. Flow scenarios include a 148 cfs peak stormwater flow

and a 5 gpm (0.011 cfs) groundwater flow.

Principle components of Virginia’s mixing zone requirements (9VAC25-260-20) for a discharge to

estuarine waters are summarized as follows:

 Shall not extend more than five times in any direction the average depth of the receiving water.

 A subsurface diffuser shall be required for any new or expanded freshwater discharge greater

than 0.5 mgd (0.77 cfs) to estuarine waters.

 The acute and chronic criteria shall be met at the edge of the zone of initial mixing. The zone of

initial mixing is the area where mixing of ambient water and effluent is driven by the jet effect

and/or momentum of the effluent.

The local post-dredging depth at the proposed discharge location is approximately 28 ft. Any proposed

mixing zone would be will within five times this distance. The proposed discharge is fully submerged

over slightly more than one-half of the tidal cycle. This might potentially meet the subsurface

requirement. The total discharge port area of three 42 inch pipes is 28.8 ft
2
. At the peak 148 cfs

stormwater flow, this total port area results in a 5.1 ft/sec exit velocity. At a 50 cfs stormwater flow, the

exit velocity would decrease to 1.7 ft/sec. At the higher stormwater flows, the associated exit velocities

would provide an initial momentum based mixing region. The extent of this region decreases with

decreasing flow. At the 0.011 cfs groundwater flow, the exit velocity for the current discharge

configuration would be nil (0.00038 ft/sec), and a zone of initial mixing may not exist per VDEQ

guidance.

The proposed and an alternative discharge configuration were modeled with CORMIX ver7.0. The

CORMIX model consists of a series of modules for various stages in the mixing process and model output

indicates the end of the initial mixing region location. State regulatory agencies generally accept the

location indicated by CORMIX as meeting their momentum based mixing zone criteria.

CORMIX requires several site characteristics. The depth of the receiving water was set as 28 ft, the

proposed post-dredging depth at the shoreline bulkhead where the outfall pipes will be located. The

receiving water is brackish and a 10 ppt salinity was assumed. The freshwater discharge will result in a

buoyant plume. Site specific receiving water velocities are not readily available. The discharge

configuration may be in the lee during an ebbing tide. Scenarios for permitting generally include a near

slack water scenario for worst case. In the absence of site specific receiving stream velocity data, the

model was executed for a range of relatively low velocities of 0.065 ft/sec, 0.16 ft/sec and 0.33 ft/sec (2

cm/sec, 5 cm/sec, 10 cm/sec).

CORMIX model results at the end of the initial mixing region for a range of stormwater flows and

receiving stream velocities are provided in the following table.



Predicted Stormwater Dilution Factors for Proposed Discharge
at Three Different Receiving Stream Velocities

Flow (cfs) 0.065 ft/sec 0.16 ft/sec 0.33 ft/sec

148 9.1 11.3 17.2

100 6.2 7.5 12.3

70 4.5 5.2 8.6

40 nv 4.0 7.4

The CORMIX model would not execute for the 40 cfs/0.065 ft/sec scenario. The above table indicates

that the available dilution factor at the end of the initial mixing region decreases with decreasing

effluent flow and decreasing receiving water velocity.

The 5 gpm (0.011 cfs) groundwater flow scenario was executed in CORMIX for the proposed three 42

inch pipes. For this scenario, there was no initial mixing region present in the model since the extremely

low exit velocity provided no initial momentum jet. However, the model does predict dilution that

occurs as the effluent mixes into the receiving water. The resulting dilution factors as a function of the

radial distance from the discharge are provided in the following table for a range of receiving stream

velocities.

Predicted Groundwater Dilution Factors for Proposed Discharge
at Three Different Receiving Stream Velocities

Distance (ft) 0.065 ft/sec 0.16 ft/sec 0.33 ft/sec

2 1.0 1.0 1.0

5 1.0 1.0 1.0

10 1.4 1.7 1.7

15 2.2 2.9 3.1

20 3.0 4.2 5.1

30 4.7 6.7 10.5

40 6.3 9.2 18.3

A series of smaller pipe sizes were examined with CORMIX to determine a discharge configuration for

the 5 gpm groundwater flow that would provide an initial mixing region. Initial mixing regions were

found to exist for pipe diameters less than 2.5 inches. For a 2.0 in. diameter pipe, the exit velocity is

0.50 ft/sec and for a 1.5 in. pipe, the exit velocity is 0.90 ft/sec. The following tables provide predicted

dilution factors for two small pipes and the distance CORMIX indicates as the end of the initial mixing

region.

Predicted Groundwater Dilution Factors for Small Pipe

Diameter (in.) 0.065 ft/sec 0.16 ft/sec 0.33 ft/sec

2.0 16.6 3.6 5.8

1.5 28.9 7.4 6.5



Predicted Distance to End of Initial Mixing Region

Diameter (in.) 0.065 ft/sec 0.16 ft/sec 0.33 ft/sec

2.0 64 24.5 11.6

1.5 84 32.1 15.4

The above tables indicate that CORMIX predicted dilution factors at the end of an initial mixing region

for a small pipe ranged from 3.6 to 28.9. At a 0.16 ft/sec receiving water velocity, the 3.6-7.4 dilution

factors occurred at 24-32 ft distances. CORMIX modeling of the 5 gpm groundwater discharge from the

proposed three 42 inch pipes predicted similar dilution factors at similar distances, even though an

initial mixing region may not be present.

Mixing zones may be used in the NPDES process to calculate end-of-pipe permit limits to ensure

protection of resident aquatic life. More specifically, the dilution factors determined using state mixing

zone guidance are used in combination with numeric ambient water quality standards to calculate end-

of-pipe permit limits (9VAC25-260-20). As an example, Virginia DEQ’s acute and chronic ambient water

quality criteria (WQC) for copper in estuarine waters are 9.3 µg/L and 6.0 µg/L, respectively. If, for

example, a mixing zone dilution factor of 5.4 can be supported, then end-of-pipe permit limits for

copper could be 50.2 µg/L as a daily maximum and 32.4 µg/L as a monthly average. Similar benefits

could be obtained for other regulated chemical constituents in the discharge (Permit Limit = WQC x DF).

It will be important to discuss the use of mixing zones with VDEQ permitting staff to determine the

Department’s acceptance given the variable and intermittent discharge conditions at the AWI site. The

outcome of that discussion could substantively affect facility-specific wastewater treatment

requirements.
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GEOTECHNICAL ENGINEERING REPORT

Elm Avenue Storm Drain Relocation (EASDR)
Atlantic Wood Industries (AWI) Superfund Site
Elm Avenue and Veneer Road
Portsmouth, Virginia

Schnabel Reference # 10233031.05
June 21, 2012

Prepared For:

EA Engineering, Science and Technology, Inc.



June 21, 2012

EA Engineering, Science and Technology, Inc.

One Marketway West, Suite 4C

York, PA 17401

Subject: Project 10233031.05, Geotechnical Engineering Report, Elm Avenue Storm Drain

Relocation (EASDR), Atlantic Wood Industries (AWI) Superfund Site, Elm Avenue

and Veneer Road, Portsmouth, Virginia

Dear Mr. Pellissier:

SCHNABEL ENGINEERING, LLC (Schnabel) is pleased to submit our geotechnical engineering report

for this project. This document includes attached figures, tables, and appendices with relevant data

collected for this study. This study was performed in accordance with our proposal dated March 29,

2012, as authorized by Modification 4 to Subcontract No. 6866 with Schnabel Engineering, executed on

April 26, 2012.

SCOPE

Our agreement dated March 29, 2012, defines the scope of this study. Our services include subsurface

exploration, field engineering, soil laboratory testing, and development of geotechnical engineering

recommendations. The objective of this study is to evaluate the subsurface conditions and provide

recommendations regarding the design of foundations, earthwork, and construction considerations for this

project.

Services not described in our agreement are not included in this study. We would be happy to provide

additional support services to the design team as the project demands.

SITE DESCRIPTION

The AWI (now Atlantic Metrocast, Inc.) site is located on the western shoreline of the Southern Branch of

the Elizabeth River, generally south of the PER property and north of the Norfolk Naval Base Southgate

Annex. This contaminated site, including an area of the Elizabeth River adjacent to the site, contains

wastes from wood treatment operations, abrasive blast media waste and acetylene sludge waste. Part of

the remedial design for site reclamation includes an off shore sheet pile containment system planned for

construction in the Elizabeth River to contain dredged contaminated river sediments. The site for this

project includes the Atlantic Metrocast property generally south of Elm Avenue to the south property

boundary and east of Veneer Road extended to the Elizabeth River. Grades in the area vary from about
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El 1 near the southern perimeter of the site along the river, to about El 5 near Elm Avenue at Veneer

Road.

The area occupied by AWI east of Burton’s Point Road consists of about 20 acres of land used for

precast concrete product fabrication. The ground surface in this area consists of crushed stone, concrete

dust, concrete waste material, and other low-permeability material. This area has been built up over the

years with placement of these materials, based on information provided by AWI personnel. The eastern

area of the site has also been used as a staging area by a marine contractor.

We obtained the site information from the topographic design site plan dated March, 2012, prepared by

EA Engineering, Science and Technology, and through our site visits. A vicinity map is included as

Figure 1.

PROPOSED CONSTRUCTION

This project includes the relocation of an existing storm drain to a new river discharge point due to the

construction of the offshore sheet pile containment system. The relocated storm drain is to begin at a

new junction box near the intersection of Veneer Road and Elm Avenue and extend about 700 feet

southeast to a new discharge structure. The proposed storm drain will consist of two and three-36 inch

diameter reinforced concrete storm drain pipes installed in a lined trench constructed with new

uncontaminated structural backfill after the excavation and removal of existing contaminated soils. The

roughly 14 to 20 ft wide trench will be lined with a 40 mil liner of polyethylene geomembrane, and the

pipes will rest on a 6 inch thick bed of graded aggregate. The drain pipes will be set at a 0.5% grade

sloping towards the discharge point. The finish grade for the ground surface above the pipes is expected

to be at El 7. Trench depths will vary up to about 10 ft. The top one foot of compacted trench backfill is

to consist of a low permeability CR-6 (dense graded crusher run aggregate) material.

Junction boxes up to about 32 ft wide and 15 ft long are to be used at major pipe junctions or turns. The

reinforced concrete boxes will have floor slabs and walls up to 3 ft thick and 1.5 ft thick roofs. The

junction box subgrades may be up to about 12 ft below grade with roof slabs at grade.

Mobile gantry cranes are used by Atlantic Metro Cast, Inc. to transport fabricated precast concrete

products at the site. We understand that bollards will be placed around the junction boxes to prevent

these cranes from traversing over the structures. The cranes may traverse the pipe trenches. Ground

contact pressures of between 78 psi and 120 psi are possible under the wheels.

The project details were obtained from The Pre-Final Design plan drawings by EA Engineering, Science

and Technology, dated March of 2012.

SUBSURFACE CONDITIONS

Geology

We reviewed existing geologic data and information in our files. Based on this review, the geologic

stratigraphy consists of recent alluvial soil deposits overlying the Pleistocene Age alluvial soils of the

Norfolk Formation. These soils typically overlay alluvial soils of the Miocene Age Yorktown Formation,
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which was not encountered in the borings drilled for this project. The Norfolk Formation is part of the

Columbia Group; previous investigations have referred to these sediments as undifferentiated deposits of

the Columbia Group. The Norfolk Formation typically consists of cross-bedded fine and coarse-grained

soils. The fine-grained soils generally consist of clays and silts containing varying amounts of sand.

These soils are generally normally consolidated to slightly preconsolidated. The coarse-grained soils

generally consist of poorly graded sands, silts, silty sands and clayey sands, and may contain gravel.

Data Collection Techniques

We performed test borings and soil laboratory testing on samples collected to develop our geotechnical

recommendations. Appendix A includes our summary of soil laboratory test results and laboratory test

curves. Appendix B includes the logs from our subsurface exploration.

Our geotechnical laboratory conducted tests on selected samples obtained in the borings. This testing

aided in the classification of soils encountered in the subsurface exploration, and provided data for use in

the development of our recommendations. The logs in Appendix B show the natural moisture content

values of selected soil samples. Appendix A presents the results of the remaining laboratory tests.

Fishburne Drilling, Inc., of Chesapeake, Virginia, drilled four borings at this site under our observation on

May 4 and 5, 2012. In addition, one additional test boring drilled (9/26/2008) for earlier studies on this

site by Schnabel has also been included for informational purposes. Appendix B includes specific

observations, remarks, and logs for the borings; classification criteria; and sampling protocols. Figure 2

shows the approximate boring locations. The locations and elevations from the field are tabulated below.

We will retain soil samples up to 45 days beyond the issuance of this report, unless you request other

disposition.

BORING LOCATIONS AND ELEVATIONS
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Throughout field geotechnical operations, proper health and safety procedures were followed in

accordance with EA’s Health and Safety Plan (HASP), including the PPE and environmental monitoring.

No health and safety incidents occurred during field activities. All test borings were backfilled with a

cement/bentonite grout.

Generalized Subsurface Stratigraphy

We have characterized the following generalized subsurface soil stratigraphy based on the boring and

laboratory data presented in Appendix B:
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Ground Cover:

Borings B-101 and B-102 contained up to 0.3 ft of rootmat and topsoil. Boring B-103 was overlain with

approximately 0.5 ft of crushed stone and concrete.

Stratum A: Existing Fill

Existing FILL soils, denoted as Stratum A, were encountered in all four of the borings from the ground

surface to depths of 2.0 to 8.0 ft. The fill consisted of fine to coarse grained Silty Sand, containing varying

amounts of roots, peat, shells, brick fragments, concrete, crushed stone and wood. Standard Penetration

Test N-values ranged from 3 to 21, indicating very loose to very dense soils. Borings B-103 and B-104

encountered 2 to 4 ft of dense, creosote-treated wood.

Stratum B: Recent Alluvium

Below the fill soils of Stratum A, the borings encountered a deposit of recent alluvium consisting of gray to

greenish gray, fine to coarse grained SILTY SAND, CLAYEY SAND, POORLY GRADED SAND with

SILT, and LEAN CLAY (SC, SM, SP-SM, CL) with varying amounts of organics and shells to depths of

4 to 13 ft, El 0.8 to -5.5. Based on the Standard Penetration Tests performed, this stratum is generally

loose to medium density: N = 4 to 13.

Stratum C: Norfolk Formation

Below the Alluvial soils of Stratum B, the borings encountered the cross-bedded fine and coarse grained

soils of the Pleistocene Age Norfolk Formation to depths of 30 to 32 ft, El -22.5 to -26.8, the maximum

depths of penetration. The coarse grained soils of the Norfolk Formation, identified as Stratum C1,

consisted of SILTY SAND (SM), and POORLY GRADED SAND with SILT (SP-SM). The coarse grained

soils were generally overlain atop the fine grained soils, with the exception of Boring B-101, where the

fine and coarse grained soils were inter-layered. The SPT N-values of the coarse grained soils ranged

from 2 to 8, indicating very loose to loose density soils. The average moisture content of the coarse

grained soils ranged from 21.3 to 30.6 percent, with an average value of 24.9 percent. The coarse

grained soils were non-plastic.

The fine grained Norfolk Formation soils, identified as Stratum C2, consisted of FAT CLAY (CH) with

varying amounts of sand, shells, and organics. The Standard Penetration Test (SPT) N-values ranged

from WOH/24” to 2, indicating very soft to soft consistency soils. The natural moisture content of the fine

grained soils ranged from 59.3 to 77.1 percent, with an average moisture content of 68.7 percent. These

soils were generally of very high plasticity having liquid limits between 69 and 76, and plasticity indices of

41 to 45.

Two consolidation tests were performed on the fine grained soils of Stratum C. The consolidation test

indicated that the soils were normally consolidated to slightly pre-consolidated to about 0.17 to 0.2 tsf in

excess of the present overburden pressure. The remaining test results are summarized in Appendix A

and on the test boring logs in Appendix B.
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Groundwater

The logs note groundwater level readings obtained in the borings during and after completion. We

obtained groundwater level readings in open boreholes after completion at depths of 1.7 to 6.1 ft, El 3.1

to 0.2. These levels may or may not represent stabilized water level readings as the borings were

backfilled upon completion for safety.

Our drilling subcontractor installed groundwater observation wells in Borings B-101, B-102, and B-104.

We recorded groundwater levels in the wells at depths of 1.0 ft to 4.9 ft, El 3.7 to 2.0, 5 days after

completion of the drilling. After final readings, the wells were pulled and the borings backfilled with grout.

The groundwater levels on the logs show our estimate of the hydrostatic water table at the time of drilling.

The final design should anticipate fluctuations in the hydrostatic water table depending on variations in

precipitation, surface runoff, pumping, river levels, evaporation, leaking utilities, and similar factors.

GEOTECHNICAL RECOMMENDATIONS

We based our geotechnical engineering analysis on the information developed from our subsurface

exploration and soil laboratory testing, along with the project development plans, site plans, and structural

loading furnished to our office. The following sections of the report provide our detailed recommendations.

The site is underlain with normally to slightly preconsolidated fine-grained alluvial soils of the Norfolk

Formation. These soils were generally encountered at or just below the proposed construction subgrades

for the project. Compression of these soils will occur due to the stresses resulting from dewatering during

construction and the weight of the new junction box structures and the lined pipe trenches. Estimated

settlements may exceed two to three inches using normal weight concrete for the junction boxes.

Recommendations including the use of light weight concrete for construction of the junction box

structures are included in the report. Light weight concrete is expected to have the same resistance to

attack by organic compounds such as creosote as normal weight concrete.

Pipeline Support

The natural sands of Strata B and C encountered in the test borings are typically loose to very loose at

and below the water table. These sands may exhibit characteristics of “running sands” when excavated.

The contractor should be prepared to work with running sand conditions.

The Geotechnical Engineer should observe excavated pipe trench subgrades prior to any undercutting

below design grades or placement of the liner materials. This is recommended to evaluate whether

actual subgrade conditions are as anticipated based on our analysis.

Limited undercutting in the new storm drain line trenches may be recommended where soft or loose soils

are encountered. This may be expected in areas where pipeline construction extends below the water

table. Because the depth of undercut needed at any given location may vary, the Geotechnical Engineer

should evaluate the actual undercut depths. The undercut materials may be replaced with crushed stone

meeting the gradation requirements of VDOT No. 57 open-graded aggregate. Crushed concrete meeting

this gradation may also be used. A layer of 10 oz. non-woven geotextile separation fabric or equivalent is
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recommended to be placed on the excavated subgrades prior to stone placement and over the stone

prior to liner placement. We recommend evaluating undercut volumes by cross sectioning. Other

methods of calculating volumes of undercut, such as counting trucks, are less accurate and generally

result in additional expense.

Once the subgrade for the bottom of the trench is prepared, the trench liner materials may be placed.

The storm drain pipes should be bedded according to manufacturer’s specifications. Backfill over the top

of the pipe should also be placed according to manufacturer’s recommendations.

Our subsurface exploration revealed creosote treated wood to a maximum depth of 4 ft and 8 ft in Borings

B-103 and B-104, respectively. Some existing structures may be present on the site and unknown

quantities of wood may be buried within the footprint of the new storm drain alignment. Therefore,

grading activities may encounter buried foundations and other associated debris. We recommend the

complete removal of existing foundations and any wood materials from within the proposed storm drain

alignment area. The contractor should remove existing foundations and/or debris in the proposed

construction areas to at least 2 ft below the design subgrade level to expose the suitable subgrades of

Strata B and C or replace the unsuitable material with compacted structural fill.

Coarse-grained structural fill is recommended for backfill of the pipe trenches. A layer of separation

geotextile fabric should be placed between soil structural fill and the pipe bedding material.

Coarse grained compacted structural fill should consist of material classifying SC, SM, SP, SW, GC, GM,

GP, or GW per ASTM D2487 and have a maximum compacted wet unit weight 110 pcf. Off-site borrow

soils are anticipated to be used as compacted structural fill for the Storm Drain trenches.

The coarse-grained compacted structural fill should be placed in maximum eight-inch thick horizontal,

loose lifts and should be compacted to at least 95 percent of maximum dry density per ASTM D698,

Standard Proctor. The contractor should bench compacted structural fill subgrades steeper than 4H:1V

to allow placement of horizontal lifts.

The last foot of compacted fill is to be a low permeability material meeting the requirements of a dense

graded crusher run CR-6 aggregate. The gradation requirements of this material are similar to those of a

VDOT No. 25 or 26 crusher run aggregate. We recommend that this material have a CBR Value of at

least 20. The low permeability compacted structural fill should be placed in maximum eight-inch thick

horizontal, loose lifts and should be compacted to at least 98 percent of maximum dry density per ASTM

D698, Standard Proctor. The CR-6 material when placed as recommended is expected to provide a

suitable subgrade for gantry crane travel.

Since the pipeline trench is lined and covered with a low permeability material, we have considered the

trench as a long foundation for evaluating settlements. We have estimated soil contact pressures of

between about 600 psf to 900 psf for the pipeline trench. Estimated settlements up to about 2 inches

may occur after construction, before groundwater levels return to their normal levels. These settlements

may vary depending on the duration of dewatering after construction.
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Base subgrades needing undercut should be backfilled to the original design subgrade elevation with an

open-graded crushed stone or crushed concrete such meeting the gradation requirements of VDOT No.

57 aggregate. Crushed stone should extend at least six inches laterally beyond the base in all directions.

A non-woven separation geotextile fabric such as a 10 oz. fabric or equivalent should be placed over the

excavated subgrade prior to backfilling to design grade.

Engineering Services During Construction

The engineering recommendations provided in this report are based on the information obtained from the

subsurface exploration and laboratory testing. However, conditions on the site may vary between the

discrete locations observed at the time of our subsurface exploration. The nature and extent of variations

between borings may not become evident until during construction.

To account for this variability, we should provide professional observation and testing of actual

subsurface conditions revealed during construction as an extension of our engineering services. These

services will also help in evaluating the contractor's conformance with the plans and specifications.

Because of our unique position to understand the intent of the geotechnical engineering

recommendations, retaining Schnabel for these services will allow us to provide consistent service

throughout the project construction.

General Specification Recommendations

An allowance should be established to account for possible additional costs that may be required to

construct earthwork and foundations as recommended in this report. Additional costs may be incurred for

a variety of reasons including variation of soil between borings, greater than anticipated unsuitable soils,

need for borrow fill material, obstructions, temporary dewatering, etc.

We recommend that the construction contract include an allowance for undercutting soft or loose, near-

surface soils, and replacement with compacted structural fill. Add/deduct unit prices should also be

established in the contract so adjustments can be made for the actual volume of materials handled.

The project specifications should indicate the contractor's responsibility for providing adequate site

drainage during construction. Inadequate drainage will most likely lead to disturbance of soils by

construction traffic and increased volume of undercut.

This report may be made available to prospective bidders for informational purposes. We recommend

that the project specifications contain the following statement:

Schnabel has prepared this geotechnical engineering report for this project. This report is for

informational purposes only and is not part of the contract documents. The opinions expressed

represent the Geotechnical Engineer’s interpretation of the subsurface conditions, tests, and the

results of analyses conducted. Should the data contained in this report not be adequate for the

Contractor's purposes, the Contractor may make, before bidding, independent exploration, tests

and analyses. This report may be examined by bidders at the office of the Owner, or copies may

be obtained from the Owner at nominal charge.
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The contract documents should include the boring data provided in Appendix B.

Additional data and reports prepared by others that could have an impact upon the contractor's bid should

also be made available to prospective bidders for informational purposes.

LIMITATIONS

We based the analyses and recommendations submitted in this report on the information revealed by our

exploration. We attempted to provide for normal contingencies, but the possibility remains that

unexpected conditions may be encountered during construction.

We prepared this report to aid in the evaluation of this site and to assist in the design of the project. We

intend it for use concerning this specific project. We based our recommendations on information on the

site and proposed construction as described in this report. Substantial changes in loads, locations, or

grades should be brought to our attention so we can modify our recommendations as needed. We would

appreciate an opportunity to review the plans and specifications as they pertain to the recommendations

contained in this report, and to submit our comments to you based on this review.

We have endeavored to complete the services identified herein in a manner consistent with that level of

care and skill ordinarily exercised by members of the profession currently practicing in the same locality

and under similar conditions as this project. No other representation, express or implied, is included or

intended, and no warranty or guarantee is included or intended in this report, or any other instrument of

service.

We appreciate the opportunity to be of service for this project. Please call us if you have any questions

regarding this report.

Sincerely,

SCHNABEL ENGINEERING, LLC

Senior Staff Engineer

Principal

FJR:GTS:adh

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Figures

Appendix A: Soil Laboratory Test Data

Appendix B: Subsurface Exploration Data
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FIGURES

Figure 1: Site Vicinity Map

Figure 2: Test Boring Location Plan

Figure 3: Uplift Resistance
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APPENDIX A

SOIL LABORATORY TEST DATA

Summary of Soil Laboratory Tests (2 sheets)

Gradation Curves (4 sheets)

Atterberg Limits (1 sheet)

Consolidation Curves (2 sheets)
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SUBSURFACE EXPLORATION DATA

Subsurface Exploration Procedures

General Notes for Subsurface Exploration Logs

Identification of Soil
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SUBSURFACE EXPLORATION PROCEDURES

Boring Procedures

Drillers advanced the borings using mud rotary drilling. With mud rotary drilling techniques, driller’s mud

is used to maintain an open bore hole. The hole is advanced by using a nominal 3-inch O.D. tri-cone

roller bit. At the designated depth, drillers remove the roller bit and perform the Standard Penetration

Test. Water level data indicated on the logs may not be indicative of actual groundwater levels because

of the presence of drilling fluid in the borehole. The logs indicate water level data.

Standard Penetration Test Results

The numbers in the Sampling Data column of the boring logs represent Standard Penetration Test (SPT)

results. Each number represents the blows needed to drive a two-inch O.D., 1� ��
 	 
 ���� ��� � ���-spoon

sampler six inches, using a 140-pound hammer falling 30 inches. The sampler is typically driven a total

of 18 or 24 inches. The first six inch interval usually represents a seating interval. The total of the number

of blows for the second and third six-inch intervals is the SPT “N value.” When the blow count reaches

100 before the full driving distance, we determine the SPT N value based on extrapolation of the blows

recorded. The SPT is conducted according to ASTM D1586.

Soil Classification Criteria

The group symbols on the logs represent the Unified Soil Classification System Group Symbols (ASTM

D2487) based on visual observation and limited laboratory testing of the samples. Criteria for visual

identification of soil samples are included in this appendix. Some variation may be expected between

samples visually classified and samples classified in the laboratory.

Pocket Penetrometer Results

The values following “PP= ” in the Sampling Data column of the logs represent pocket penetrometer

readings. Pocket penetrometer readings provide an estimate of the unconfined compressive strength of

fine-grained soils.

Water Observation Wells

Our drilling subcontractor installed temporary water observation wells in Borings B-101, B-102, and B-104

by inserting a hand-slotted, 1¼-inch PVC pipe in each of these borings. Each pipe was capped, and the

area surrounding the pipe was backfilled with cuttings from the boring. The pipes were later removed and

the holes were backfilled with grout.

Boring Locations and Elevations

Personnel from Baldwin and Gregg, Ltd. performed a boring stakeout and an elevation survey of the

boring locations. Figure 2 shows the approximate boring locations. Project planning should consider

these locations and elevations no more accurate than the methods and plans used to obtain them.



GENERAL NOTES FOR
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IDENTIFICATION OF SOIL

I. DEFINITION OF SOIL GROUP NAMES (ASTM D2487) SYMBOL GROUP NAME

� A3 DE7�"D3 ;@ 76�-A;>E�

' AD7�F: 3 @ �� � � �D7F3 ;@ 76�

A@ �( A��� � � �E;7H7�

"D3 H7>E�O�

' AD7�F: 3 @ �� � � �A8�5A3 DE7�

8D3 5F;A@ �

D7F3 ;@ 76�A@ �( A��� �E;7H7�

� � A3 DE7
�R N�FA�� N�

� ! ;@ 7
�( A��� �FA�R N�

� >73 @ �"D3 H7>E�

& 7EE�F: 3 @ �� � �8;@ 7E�

"1 � 1  & & �", � �  � �

", � 0 & �

"*� *) ) , & 2 �", � �  � �

", � 0 & �

"D3 H7>E�I;F: �8;@ 7E�

' AD7�F: 3 @ �� � � �8;@ 7E�

"' � -$& .2�", � 0 & �

"� � � & � 2  2 �", � 0 & �

-3 @ 6E�O�� � � �AD�?AD7�A8�5A3 DE7�

! D3 5F;A@ �B3 EE7E�( A��� �E;7H7�

� � A3 DE7
�( A��� � �FA�( A��� �

� ' 76;G?
�( A��� � �FA�( A��� � �

� ! ;@ 7
�( A��� � � �FA�( A��� � �

� >73 @ �- 3 @ 6E�

& 7EE�F: 3 @ �� � �8;@ 7E�

-1 � 1  & & �", � �  � �

- � ( � �

-*� *) ) , & 2 �", � �  � �

- � ( � �

- 3 @ 6E�I;F: �8;@ 7E�

' AD7�F: 3 @ �� � � �8;@ 7E�

-' � -$& .2�-� ( � �

- � � � & � 2  2 �- � ( � �

! ;@ 7�"D3 ;@ 76�-A;>E�

� � � �AD�?AD7�B3 EE7E�

F: 7�( A��� � � �E;7H7�

-;>FE�3 @ 6�� >3 KE�O�

� & ;CG;6�& ;?;F�>7EE�F: 3 @ �� � �

� & AI�FA�?76;G?�B>3 EF;5;FK�

$@ AD93 @ ;5� � & � &  � ( �� & � 2 �

' & � -$& .�

) D93 @ ;5� ) & � ) , "� ( $� �� & � 2 �

) , "� ( $� �-$& .�

-;>FE�3 @ 6�� >3 KE�O�

� & ;CG;6�& ;?;F�� � �AD�?AD7�

� ' 76;G?�FA�: ;9: �B>3 EF;5;FK�

$@ AD93 @ ;5� � # � ! � .�� & � 2 �

' # �  & � -.$� �-$& .�

) D93 @ ;5� ) # � ) , "� ( $� �� & � 2 �

) , "� ( $� �-$& .�

# ;9: >K�) D93 @ ;5�-A;>E� *D;?3 D;>K�AD93 @ ;5�?3 FF7D
�63 D=�;@ �5A>AD�3 @ 6�AD93 @ ;5�A6AD� *.� * � .�
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Appendix H

Ambient Air Standard Calculations
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CAS NO. Contaminant (a)

RfC

(mg/m
3
)

IUR

(µg/m
3
)
-1

Carcinogenic

Screening Level

(µg/m
3
)

Non-Carcinogenic

Screening Level

(µg/m
3
)

Selected

Monitoring Level

(µg/m
3
) (b)

"Not to Exceed"

Offsite Monitoring

Level (µg/m
3
) (c)

Volatiles

71-43-2 Benzene 3.0E-02 7.8E-06 2,358 329 329 3,285
108-88-3 Toluene 5.0E+00 N/A N/A 54,750 54,750 547,500
100-41-4 Ethylbenzene 1.0E+00 2.5E-06 7,358 10,950 7,358 73,584
1330-20-7 Xylenes 1.0E-01 N/A N/A 1,095 1,095 10,950
Semivolatiles

83-32-9 Acenapthene N/A N/A N/A N/A N/A N/A
120-12-7 Anthracene N/A N/A N/A N/A N/A N/A
56-66-3 Benz(a)anthracene N/A 1.1E-04 16.7 N/A 16.7 167
50-32-8 Benzo(a)pyrene N/A 1.1E-03 1.67 N/A 1.67 16.7
205-99-2 Benzo(b)fluoranthene N/A 1.1E-04 16.7 N/A 16.7 167
207-08-9 Benzo(k)fluoranthene N/A 1.1E-04 16.7 N/A 16.7 167
218-01-9 Chrysene N/A 1.1E-05 167 N/A 167 1672
53-70-3 Dibenz[a,h]anthracene N/A 1.1E-03 1.67 N/A 1.67 16.7
206-44-0 Fluoranthene N/A N/A N/A N/A N/A N/A
86-73-7 Fluorene N/A N/A N/A N/A N/A N/A
193-39-5 Indeno[1,2,3-cd]pyrene N/A 1.1E-04 16.7 N/A 16.7 167
90-12-0 Methylnaphthalene, 1- N/A N/A N/A N/A N/A N/A
91-57-6 Methylnaphthalene, 2- N/A N/A N/A N/A N/A N/A
91-20-3 Napthalene 3.0E-03 3.4E-05 541 33 33 329
129-00-0 Pyrene N/A N/A N/A N/A N/A N/A
87-86-5 Pentachlorophenol N/A 4.6E-06 3,999 N/A 3,999 39,991
Metals

7440-38-2 Arsenic 1.5E-05 4.3E-03 4.3 0.16 0.16 1.6
7440-36-0 Antimony N/A N/A N/A N/A N/A N/A
7439-89-6 Iron N/A N/A N/A N/A N/A N/A

7439-92-1 Lead
(d)

N/A 1.2E-05 1,533 N/A 1,533 15,330
7440-28-0 Thallium N/A N/A N/A N/A N/A N/A

IUR - Inhalation Unit Risk
RfC - Reference Concentration
TEQ - Toxic Equivalent

(c) Level not to be exceeded off-site for any duration.

TABLE 1

(a) Contaminants of concern (COCs) are those identified in the Record of Decision (EPA 2007) and lead.

(b) Minimum of the carcinogenic risk or non-carcinogenic effects values. The ambient air concentration a receptor can be exposed continuously throughout

the project duration. Conservatively assumes a worker would be exposed during the entire project duration.

(d) Toxicity values are not available for lead. In accordance with the procedures set forth by the USEPA in the Regional Screening Level (RSL) Table,

toxicity values for lead are based upon lead acetate and lead subacetate.

Note - Ambient air monitoring levels were calculated using guidance provided in EPA’s Risk Assessment Guidance

for Superfund (RAGS) and Regional Screening Levels (RSLs) for Superfund Sites (May 2012).

AMBIENT AIR MONITORING LEVELS



Carcinogenic

SLworker-air-c (µg/m3) = TR x ATr

EFw x EDw x ETwa x (IUR)

Non-Carcinogenic

SLworker-air-nc (µg/m3) = THQ x ATr x CF

EFw x EDw x ETwa x (1/RfC)

Where:

TR (Target Risk) (unitless) = 1.0E-05 (default)

THQ (Target Hazard Quotient) = 1.0 (default)

ATw (Averaging Time-carcinogen) (days) = 25,550 (=365 days/yr x 70 years; default)

ATw (Averaging Time-non carcinogen) (days) = 152 (= EDr x 365 days/yr))

CF (Conversion Factor) = 1,000 (µg/mg)

EFw (Exposure Frequency) (days/yr) = 100 (assumes 5 days per week for 5 months)

EDw (Exposure Duration) (yr) = 0.42 (site-specific), assumes construction will last 5 months

ETwa (Exposure Time) (hr/hr) = 0.33 (assumes an 8 hour day per 24 hours/day)

IUR (Inhalation Unit Risk) (µg/m
3
)

-1
= chemical-specific

RfC (Reference Concentration) (mg/m3) = chemical-specific

LT (Lifetime) (yrs) = 70 (default)

Contaminant VOC RfC (mg/m3)

IUR

(µg/m3)-1

Carcinogenic

Screening Level

(µg/m3)

Non-Carcinogenic

Screening Level

(µg/m3)

Volatiles

Benzene V 3.0E-02 7.8E-06 2.4E+03 3.3E+02

Toluene V 5.0E+00 N/A N/A 5.5E+04

Ethylbenzene V 1.0E+00 2.5E-06 7.4E+03 1.1E+04

Xylenes V 1.0E-01 N/A N/A 1.1E+03

Semivolatiles

Acenapthene V N/A N/A N/A N/A

Anthracene V N/A N/A N/A N/A

Benz(a)anthracene N/A 1.1E-04 1.7E+01 N/A

Benzo(a)pyrene N/A 1.1E-03 1.7E+00 N/A

Benzo(b)fluoranthene N/A 1.1E-04 1.7E+01 N/A

Benzo(k)fluoranthene N/A 1.1E-04 1.7E+01 N/A

Chrysene N/A 1.1E-05 1.7E+02 N/A

Dibenz[a,h]anthracene N/A 1.1E-03 1.7E+00 N/A

Fluoranthene N/A N/A N/A N/A

Methylnaphthalene, 1- V N/A N/A N/A N/A

Methylnaphthalene, 2- V N/A N/A N/A N/A

Napthalene V 3.0E-03 3.4E-05 5.4E+02 3.3E+01

Pyrene V N/A N/A N/A N/A

Pentachlorophenol N/A 4.6E-06 4.0E+03 N/A

Metals

Arsenic 1.5E-05 4.3E-03 4.3E+00 1.6E-01

Antimony N/A N/A N/A N/A

Iron N/A N/A N/A N/A

Lead (1)
N/A 1.2E-05 1.5E+03 N/A

Thallium N/A N/A N/A N/A

N/A = Not available.

CALCULATION OF AMBIENT AIR SCREENING LEVELS
TABLE 2
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